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In an unselected series of 1050 human hearts the coronary arteries were uniformly injected at 
necropsy with a standardized radiopaque mass. Interarterial coronary anastomoses were clearly 
demonstrated by this method and were studied with respect to their incidence and pathogenesis. 
Anastomoses were significantly increased in hearts with coronary artery occlusion or marked nar- 
rowing in cor pulmonale, in cardiac hypertrophy and valvular lesions, and also in normal hearts 
from patients with anemia. Relative cardiac anoxia is present in all these conditions; it appears to 
be a common underlying stimulus for the development of interarterial coronary anastomoses. 


HE CLINICAL effects of coronary 
arteriosclerosis, in the form of angina 
pectoris, myocardial infarction and con- 
gestive failure, constitute a large portion of the 
serious cardiac disabilities that the physician 
constantly faces. Studies of atherosclerosis may, 
at some future date, lead to the prevention of 
these lesions. In the meantime, it has become 
clear that narrowing or even occlusion of the 
coronary arteries, under certain circumstances, 
does not always produce clinical symptoms or 
myocardial damage.! This apparent incon- 
sistency between the presence of long-standing 
obstructive lesions and the absence of patho- 
logic or clinical evidence of myocardial damage 
has been dispelled by the demonstration in 
min of larger than normal interarterial coro- 
nary anastomoses.2 These anastomoses serve 
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| Medical School, Boston, Mass. 
This investigation was aided by grants from the 
Insurance Medical Research Fund, the U. 8. 
lie Health Service, the Patrons of Research and 
Sidney R. Green Heart Research Fund of the 

h Israel Hospital, Boston, Mass: 


as bypasses or detours whereby blood reaches 
vessels distal to occlusions. These observations 
have been confirmed in the experimental ani- 
mal.’ Other collateral channels, such as extra- 
cardiac anastomoses**! and communications of 
the thebesian type*®: °: 18: 21. 29, 2-76 between 
the cavities of the heart and coronary arteries, 
capillaries or veins, have not appeared to be 
significant in the maintenance of adequate coro- 
nary blood flow. 

Any regimen that would produce interarterial 
anastomoses so that the coronary arteries were 
no longer functionally end-arteries would miti- 
gate the clinical manifestations of coronary: 
artery disease. Knowledge of the factors in- 
fluencing the development of interarterial coro- 
nary anastomoses, therefore, would be of great 
practical value. 

This paper presents the results of a study 
of coronary interarterial anastomoses in a series 
of 1271 human hearts examined by a uniform 
technic of injection and dissection. This unique 
body of data has provided a better understand- 
ing of the role of interarterial coronary anasto- 
moses in normal and diseased states: insight 
into the basic mechanism of their production 
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has been gained and several factors affecting 
their development have been identified. 

The subject of coronary interarterial anas- 
tomoses has been investigated in many differ- 
ent ways since 1669 when Lower* stated, ‘*The 
vessels which carry blood to the heart come 
together again, and here and there communi- 
cate by anastomoses.”’ Simple dissections of 
coronary vessels in both human and animal 
hearts have been supplemented by injections 
with various materials." : '*—2. 9, 3, 33, 36-41, 46, 
51, 55, 64, 67, 68, 71, 72, 74—121 Water, air, suet, “ax, 
oils, turpentine, dyes, inks, starch, bacteria, 
Wood’s metal, mercury, iron, bismuth and lead 
compounds, microscopic glass spheres, radio- 
active erythrocytes, celloidir, gelatin, latex and 
liquid nylon have been used. For the most 
part, these studies have confirmed and led to 
the general acceptance of the idea that inter- 
arterial coronary anastomoses exist. Occasional 
disagreements’: *!: *?. 55, 87-89, 4. 95 have resulted 
largely from differences in materials or technics 
of injection, from anatomic variations among 
species, from varying pathologic conditions in 
the same species or, most frequently, from 
differences in interpretation of results. 

All investigators agree that, when watery 
solutions or suspensions of very fine particles 
like India ink are injected into one coronary 
artery, they appear promptly in the other coro- 
nary arteries and their branches.'? Such ma- 
terials, however, traverse the capillary bed and 
reach the coronary venous system. They can- 
not, therefore, be used to determine at which 
level (artery, arteriole or capillary) intercoro- 
nary arterial communications occur. 

To circumvent this difficulty it is necessary 
to use injection masses which do not traverse 
the capillary bed.7: *':' The lead-agar mass 
employed in this investigation’ was regularly 
found in vessels as small as 40 microns in 
internal diameter, irregularly penetrated as far 
as vessels from 40 to 10 microns in diameter but 
was not found in vessels under 10 microns in 
diameter. These measurements of vessel size 


were made on stained microscopic sections pre- 
pared from tissue fixed in formalin and embed- 
ded in paraffin; they are therefore subject to a 
correction of about 50 to 100 per cent for 
shrinkage from the fresh unfixed state. The 


actual diameter of injected vessels is less j) 
portant than their nature (i.e., arteriole, ca 
lary or venule): with this method the le 
agar mass did not enter the capillary bed ; 
did not appear in the venous system. 

The level of penetration of injected mat 
probably depends on many other physical p: 
erties in addition to the size of the parti 
Although most of the individual particle: 
lead phosphate in the lead phosphate-agar n 
measured about one micron in size and 
hibited brownian movement in aqueous 
pension, a suspension of them did not px: 
trate vessels many times larger. Differenc« 
extent of penetration of the mass in differ nt 
hearts, from ‘‘stumpy” injection of only ‘he 
larger arterioles to very ‘‘fine” injections \ ith 
filling of smallest arterioles could be produced 
by purposeful variations in technic. 

Our earlier studies*: ': "> on smaller num- 
bers of hearts injected by this technic revealed 
interarterial coronary anastomoses in 10 to 
22 per cent of human hearts that were other- 
wise normal at autopsy. The occurrence of 
anastomoses was found to be unrelated to age 
and sex, but it was definitely increased in the 
presence of valvular disease and coronary ar- 
tery narrowing. Anastomoses were alwiys 
found in hearts with old complete coronary 
artery occlusions. These observations have been 
confirmed by other workers.!!*> !!5) 17 


MeEtTHOD AND MATERIAL 

An autopsy series of 1271 unselected human hearts 
has been studied at the Beth Israel Hospital, Boston, 
by a uniform injection plus dissection technic.'” 
Briefly this method consisted of the following steps: 

(1) Injecting radiopaque lead-agar mass of differ- 
ent colors into the main coronary arteries at a pres- 
sure of 150 to 200 mm. Hg. 

(2) Unrolling the heart so that the coronary 
arterial tree lay in one plane. 

(3) Taking a roentgenogram of the unrolled heart. 

(4) Carefully dissecting and opening the coronary 
arteries, using the roentgenogram as a guide. 

With this method the demonstration of narro. 
ings, occlusions and anastomoses in the corona!) 
arteries was greatly facilitated. The technic of u 
rolling the heart reduced the difficulty in following 
the three-dimensional course of the vessels on 
two-dimensional film. 

Criteria were established for the determinati: 
of anastomotic communications. It was found th» t 
the roentgenograms alone could not be relied up: 
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rove the existence of such communications. Over- 

jing vessels, like the bare branches of adjacent 

s,! often deceptively gave the appearance 

intercommunications. Conversely, anastomoses 

d be clearly demonstrated on careful dissection 

ch were not visible on the roentgenogram. On 

basis of careful dissection three types of proof 

inastomoses were accepted: (1) demonstration 

continuous, stained, endothelial-lined connect- 

inv channel filled with mass between two coronary 

ries; (2) presence of injection mass of any color 

dis al to a complete occlusion and (3) visualization 
of : mixture of color in the injection mass. 

1) Demonstration of a Continuous, Endothelial- 

d, Connecting Channel Filled with Mass between 
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was important in supporting the validity of the 
other two methods of demonstrating interarterial 
anastomoses. 

(2) Presence of Injection Mass of Any Color Distal 
to a Complete Occlusion. Since a complete coronary 
artery occlusion prevented direct filling of the periph- 
eral vascular tree, mass of any color found beyond 
an occlusion must have gotten there by collateral 
pathways. Interarterial anastomoses could be 
demonstrated by finding mass of the same color 
both proximal and distal to an occlusion. 

(3) Visualization of a Mixture of Colors in the 
Injection Mass. Since the color of the injected mass 
identified its source, mixture of colors necessarily 
indicated a connecting pathway between two coro- 


Fig. 1. Colored roentgenogram of injected heart (A 43-128) with multiple coronary artery occlu- 
sions and extensive interarterial coronary anastomoses. Anastomoses are demonstrated by (a) grossly 
dissectible channel between two coronary arteries; (b) injection mass of any color distal to complete 
occlusion; (c) mixture of colors of injection mass. (The use of color in this illustration was made 


possible by a grant from Wyeth, Incorporated, to the publication fund of the American Heart 
Association.) 


Two Coronary Arteries. Communications were proved 
to be unquestionable interarterial anastomoses only 
when a continuous, intact, vascular pathway could 
be demonstrated connecting two coronary arteries. 
Grossly dissectible anastomoses were demonstrable 
when the vessel was about 0.2 mm. in diameter or 
larver, but vessels, less than 0.5 mm. in diameter 
were not readily opened. Smaller anastomoses 60 
to 70 microns in diameter could be traced along 
th-ir entire course by laborious study under the 
‘cting microscope in tissue cleared by the Spalte- 

2 technic or by reconstruction of a complete 

es of microscopic sections. Vessels of this caliber 

e not visible on the roentgenogram. Indisputable 
ionstration of grossly dissectible pathways in this 
was possible in only about one-fifth of the 

rts in which anastomoses were accepted as pres- 

. Although somewhat infrequent, this method 


nary arteries. This was the most common method by 
which interarterial communications were demon- 
strated. The validity of accepting mixture of colors 
as evidence of an interarterial anastomosis rather 
than of an artificial extravascular connecting channel 
or of a common capillary bed between two arteries 
depended upon three lines of supporting evidence: 
(a) the absence of gross or microscopic evidence of 
extravasations of mass; (b) the absence of mass in 
capillaries or veins and (c) the frequent gross or 
microscopic demonstration of a continuous, indis- 
putable endothelial-lined vessel connecting two coro- 
nary arteries in hearts in which mixture of colors 
was found. Figure 1 shows the colored roentgeno- 
gram of an injected heart in which intercoronary 
arterial anastomoses were demonstrated by all three 
methods. 

Although areas of even slight narrowing stood 
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out on the film as irregularities in the shadow of 
the injected mass, the presence and extent of sus- 
pected coronary artery narrowings or occlusions were 
determined primarily in the dissection, when the 
arteries were commonly opened down to small 
branches. The solidified mass found in them as a 
east of the lumen facilitated determination of the 
degree of narrowing or the presence of complete 
occlusions. The staining of the intima by dye diffused 
from the mass also aided dissection of small or 


permitted classification according to the presen: 
or absence of anastomoses, cardiac hypertrophy 
valvular and congenital heart disease, coron: 
artery narrowings and occlusions and cor pulmon: ¢ 
Tabulation was also made of clinical data of possi 
related significance such as age, sex, arterial hy, 
tension, pulmonary, renal and metabolic diseas: :s, 
chronic wasting disease, prolonged cardiovasei ar 
collapse, surgical operations, duration of termi al 
illness and anemia. 

NO CORONARY ARTERY DISEASE WITH CORONARY ARTERY DISEASE 


GROSSLY VALVULAR COR 
NORMAL | DISEASE | PULMONALE 


NARROWING OCCLUSION 
slight moderate marked recent old 


WITHOUT 
CARDIAC 
HYPERTROPHY 


® Oo 
oo°o 


WITH 
CARDIAC 
HYPERTROPHY 


an 
°o 


Percent with anastomosis 


> 
°o 


20 


Oo 
No. = total number in group 70 50 3219 15 


% too few for. separate analysis 


V all cases grouped together without 
G reference to anemia or hypertrophy 


2717 24 I9 33 8 121 


[_] = without onemia 


e = with anemia 


Fig. 2. The incidence of intercoronary arterial anastomoses in relation to anemia, cardiac hyper- 


trophy, valvular and coronary artery disease. 


narrowed vessels. At sites of complete occlusion 
neither mass nor stained intima was found. 

After dissection of the arteries to determine 
anastomoses and the extent of coronary narrowing 
and occlusion, the myocardium, valves and both 
cardiac surfaces were carefjlly examined in each 
heart and suitable sections taken for microscopic 
study. From about one-half of the total series of 
injected hearts a large number of individually 
labeled sections from exactly localized sites in the 
heart were made in order to permit closer correlation 
of the local histopathology of the myocardium with 
changes in the coronary arteries. 

Of the 1271 injected hearts available, 1050 were 
selected for the present study on intercoronary 
arterial anastomoses. The qualifications for selec- 
tion were an injection adequate to determine inter- 
arterial anastomosis and other detailed postmortem 
and clinical data.* The cardiac pathologic data 


* For purposes of simplication, 92 of the cases with 
adequate data in all the above categories were 
omitted from the present series because they exhib- 
ited combinations of valvular heart disease and cor- 
onary artery pathology. 


RESULTS 

Table 1 presents the complete data on these 
1050 hearts in all their subdivisions; some of 
the groups are presented individually in tables 
2 to 5. Of this selected group, 480 (46 per 
cent) showed interarterial coronary anastomo- 
ses. Figure 2 presents an analysis of all hearts 
with anastomoses with respect to the relative 
frequency of the groups into which these 480 
-ases fall. 


The Normal Heart and Coronary Artery Anasto- 
moses 


Criterion of the Normal Heart. Of the 1050 
hearts in the series, only 244 (23 per cent) were 
considered as a normal, control group (table ! 
All these hearts weighed less than 350 Gi 
and did not show any valvular or congenit: | 
lesions, right ventricular hypertrophy or cor 
nary artery narrowing or occlusion. Hea 
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ohts under 350 Gm. were considered normal 
reasons which will be discussed in the sec- 
, on cardiac hypertrophy. Hearts with very 
‘e or questionable coronary artery narrowing 
e rejected from this normal, control group. 
s was done in order to preserve the in- 
‘ity of the normal, control group which was 
serve as a standard of comparison for the 
ire series. It was deemed preferable thus 
include some almost normal hearts in the 
up with slight coronary artery narrowing 
her than to include them in the normal, 
trol group. 
4f the 244 normal hearts rigidly selected in 
s way, 55 (23 per cent) showed interarterial 
onary anastomoses (table 1). This figure 
s similar to that reported in an earlier study.'” 
No correlation was found between the inci- 
dence of coronary artery anastomoses and ana- 
tomic variants such as the relative length of 
right and left circumflex coronary arteries’! 
or the presence of a conus artery.!* 


Anemia and Coronary Artery Anastomoses 


In an effort to disclose some clinical feature 
that might be related to coronary artery anas- 
tomoses, the clinical records of the entire group 
of patients with normal hearts were reviewed. 
The following factors were evaluated: (1) age, 
(2) sex, (3) arterial hypertension, (4) severe 
pulmonary disease, (5) renal disorders, (6) thy- 
roid or other metabolic diseases, (7) chronic 
or debilitating disease, (8) prolonged cardio- 
vascular collapse, (9) surgical procedures, (10) 
duration of terminal illness and (11) anemia. 
Of all these factors a definite correlation was 
found only between coronary artery anasto- 
moses and anemia. 

Criterion of Anemia. Determination of ane- 
mia was based on hematocrit or hemoglobin 
levels. Hemoglobin determinations were made 
by the Sahli colorimetric or Evelyn photo- 
e'-ctric technies; 15.5 Gm. hemoglobin per cent 
\\ \s considered 100 per cent hemoglobin. Hema- 
t. crit determinations were made by adequate 
¢ atrifugation of blood in Wintrobe tubes. 
\ hen necessary, hematocrit levels were 
e uated with hemoglobin percentages by con- 
s lering a hematocrit of 45 per cent equivalent 
{ 100 per cent hemoglobin. 

\ll patients in the series were classified with 


respect to anemia as follows: (1) patients with 
hemoglobin levels of 75 per cent or more were 
placed in a nonanemic group; (2) those with 
hemoglobin levels of 70 per cent or less were 
placed in an anemic group; (3) the remainder 
with intermediate or indeterminate levels were 
discarded from the analysis of anemia. This 
last group consisted of patients with hemo- 
globin levels between 70 and 75 per cent and 
those with marked hemoglobin fluctuations. A 
few cases were also discarded in which hema- 
tologic data were not available or were un- 
reliable. Finally all patients in whom anemia 
had been present for five days or less before 
death were also discarded. Experimental studies 
on the production of intercoronary arterial anas- 
tomoses in the dog!”> and the pig’® offer some 
support to this choice of a five day limit. 

The correlation demonstrated between ane- 
mia and anastomoses was not altered signif- 
icantly by moving the criterion for anemia to 
75 or 80 per cent hemoglobin, or by enlarging 
the intermediate, discarded group to include 
levels of 70 to 80 per cent hemoglobin. Such 
changes, however, reduced the number of cases 
available for analysis of other factors and 
thereby lowered the statistical validity of the 
data. 

Effect of Anemia. Of the 244 patients with 
normal hearts, 101 were in the nonanemic cate- 
gory ; 91 showed anemia as defined above. These 
192 cases were used in a correlation of anemia 
and anastomoses (table 2 and fig. 2). Coronary 
artery anastomoses were present in only nine 
(9 per cent) of the nonanemic control group 
and in 35 (39 per cent) of the anemic group. 
This difference is highly significant statistically 
as measured by the chi square test or standard 
error of difference.*"® Further analysis of the 
group of 91 cases with anemia was carried 
out to determine the relative effect of varying 
degrees of anemia upon anastomosis. No signif- 
icant difference was found in the incidence of 
anastomoses in groups with differing degrees of 
anemia. For example, of 52 cases with hemo- 
globin levels consistently below 60 per cent, 
16 (31 per cent) showed anastomoses; of 31 
‘ases with anemia between 60 and 70 per cent 

* Differences were considered to be statistically 
significant if they were 2.5 times the standard error 
of the difference. 





INTERARTERIAL CORONARY ANASTOMOSES IN HUMAN HEART 
CasB_E 1.—Incidence of Interarterial Coronary Anastomoses in All Groups of Total Series 


Normal Weight Cardiac Hypertrophy 


mi . Total Number : 
Anemia ii iis Hearts with Anastomoses Ber Pe Hearts with Anastomoses 
Hearts 


Number | Per Cent | Dissectible Number | Per Cent Dissect 
| 
. No Coronary or Valvular Disease 


Nonanemic 9 
Anemic 


B. Valvular Disease 


Nonanemic. : 0 32 
Anemic.. 7 0 19 





Total*.. ‘ d 0 62 


C. Slight Coronary Artery Narrowing 


Nonanemic 2) 5 18 ] 
Anemic 2 11 0 


Total*.. 11 17 ‘ 57 





Moderate Coronary Artery Narrowing 


Nonanemic ¢ 3 24 
Anemic.. : : 19 


Total* ‘ 56 





). Marked Coronary Artery Narrowing 


Nonanemic 8 : 0 33 
Anemic : 0 8 


Total* ( : 47 





”. Coronary Artery Occlusion 
262 95 72 
+. Cor Pulmonale 


motels... . 73 





Grand Total of Entire 
Series 1050 480 46 94 


* Totals include additional cases with intermediate or indeterminate hemoglobin levels. 
+ Too few in number. 


t All hemoglobin levels and weight groups combined in single tabulation. 


hemoglobin, 15 (48 per cent) showed anasto- anemia in whom the hearts were normal bi 
moses. nevertheless showed coronary artery anast: 
The small group of nine patients without moses was reinvestigated in detail. Severe pu 
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ary disease was found in six of them. The 
sible relation of pulmonary disease to coro- 
y artery anastomoses is discussed below. 


diac Hypertrophy and Coronary Artery Anas- 
moses 


‘riterion of Hypertrophy. A review of the 
rature on cardiac hypertrophy did not dis- 
any simple, generally accepted criterion 
this factor.’-%> The 103 hearts in the 
ire group which weighed 300 Gm. or more 
were otherwise normal and which came 

n nonanemic patients were subdivided ac- 
«ding to weight into four comparable groups 
(1) 450 Gm. or more, (2) 449 to 400 Gm., 
399 to 350 Gm. and (4) 349 to 300 Gm. 


[aBLE 2.—The Incidence of Interarterial Coronary 
istomoses in Relation to Anemia in Cases without 
liac Hypertrophy, Valvular or Coronary Disease 


Anastomoses 
Hemoglobin Levels Total 
Absent Present 
Nonanemic.... 92 9 (9%) 101 
Anemie Pete 56 35 (39%) 91 


Total 148 4 192 


(table 3). The frequency of anastomoses was 
high and constant in each of these small groups 
above 350 Gm. and dropped sharply in the 
group below 350 Gm. The entire group of 70 
hearts above 350 Gm. may therefore be con- 
sidered homogeneous. In this way the selection 
of a heart weight of 350 Gm. or more was sup- 
ported as the criterion for cardiac hypertrophy 
throughout this study. 
Effect of Hypertrophy. Among the 1050 hearts 
the series were 153 which were normal in all 
ithologic respects except for hypertrophy as 
hove defined. In the 70 hearts from this group 
at came from patients without anemia, the 
idence of interarterial coronary anastomoses 
s 26 per cent (fig. 2). This incidence is 
nificantly higher (2.9 times the standard 
or of the difference) than the 9 per cent 
the normal, control group without hyper- 
phy. 
i ffect of Anemia Plus Hypertrophy. Coronary 
ery anastomoses were found in 14 (28 per 


cent) of the 50 hypertrophied hearts from ane- 
mic patients (fig. 2). This incidence does not 
differ significantly from the 26 per cent in the 
group of cardiac hypertrophy without anemia 
or from the 39 per cent in the normal hearts 
with anemia. Anemia and cardiac hypertrophy 
individually were associated with an increased 
incidence of anastomoses in the human coro- 
nary artery system, but combination of the 
two did not show an additive effect with a still 
higher incidence. 


Valvular Heart Disease and Coronary Artery 
Anastomoses 


Criterion of Valvular Disease. Valvular heart 
disease without coronary artery disease was 


TaBLeE 3.—The Incidence of Interarterial Coronary 
Anastomoses in Relation to Cardiac Hypertrophy in 
Cases without Anemia, Valvular or Coronary Disease 


Hearts with 


Total Number Anastomoses 


Heart Weight of Hearts 


Number | Per Cent 
450 Gm. or more. 2: ) 24 
449 to 400 Gm. ; ) 29 


399 to 350 Gm. ‘ ) 25 
349 to 300 Gm. 3 ‘ 6 


found in 75 hearts. The valves presented defi- 
nite organic stenosis, insufficiency or a combi- 
nation of defects. Only hearts with valvular 
disease thus established at autopsy were in- 
cluded in this category. 

Effect of Valvular Disease. Coronary artery 
anastomoses were present in 27 (36 per cent) 
of all 75 hearts with valvular disease (table 1). 
This group is heterogeneous in that hyper- 
trophy or anemia or both were present together 
with the valvular disease in all but five cases. 
The largest homogeneous subgroup of 32 hearts 
with valvular disease plus hypertrophy from 
nonanemic patients (table 1 and fig. 2) showed 
an incidence of anastomoses of 28 per cent, 
which is essentially the same as the 26 per 
cent in hearts with hypertrophy alone. Further- 
more, upon addition of anemia to valvular 
disease and hypertrophy, a similar incidence 
of anastomoses of 32 per cent in 19 cases was 
found (table 1 and fig. 2). The three factors of 
anemia, hypertrophy and valvular disease, 
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whether taken singly or in any combination, 
showed similar frequencies of anastomoses, from 
26 to 39 per cent, without additive effect (fig. 2). 


Coronary Heart Disease and Coronary Artery 
Anastomoses 


Criterion of Coronary Artery Narrowing and 
Occlusion. All the hearts in the series were 
classified in five categories according to the 
condition of the coronary arteries: (1) 472 
hearts without any coronary artery narrowing, 
already discussed under the various headings of 
the normal heart, anemia, hypertrophy and 
valvular disease; (2) 122 hearts with slight 
coronary artery narrowing; (3) 100 hearts with 
moderate coronary artery narrowing; (4) 66 
hearts with marked coronary artery narrowing, 
but without complete occlusions; (5) 275 hearts 
with complete coronary artery occlusions, old 
or recent. In 15 additional hearts cor pulmonale 
was the primary pathologic condition; in them 
the degree of coronary artery narrowing ranged 
from none to moderate and was disregarded.* 

This classification of the degree of coronary 
artery disease was based on judgments by 
different observers at the time of dissection 
and subsequently on re-examination of the 
roentgenogram of the injected heart. Multiple, 
independent observations were made frequently 
on individual hearts by several observers with 
close agreement. In some of the hearts the 
internal diameters of the major vessels were 
measured by a series of graduated probes, so 
that the degree of reduction in diameter at 
sites of narrowing was quantitatively deter- 
mined by comparison with adjacent zones. It 
was found that estimates of slight narrowing 
corresponded to a reduction in diameter ap- 
proximately of 25 per cent or less; marked 
narrowing was equivalent to reductions of 75 
per cent or more. The term “occlusion” always 
denoted complete occlusion of a coronary ar- 
tery; a complete break in the continuity of 
the lumen was demonstrated in the dissection 
by the absence of mass or colored intima in 
such areas. Occlusions were further classified 


* It will be noted that there are no hearts with 
combinations of coronary and valvular disease; all 
such hearts were discarded from the series to simplify 
the analysis. 


as recent or old largely on the basis of thei: 
gross appearance. Microscopic estimation 0! 
the duration of the occlusive process was mad 
only in relatively few, selected instances. 

Effect of Coronary Artery Narrowing. All 28 
cases with coronary artery narrowing were cla 
sified according to the degree of narrowing, t! 
presence of hypertrophy and anemia (fig. 2 
The incidence of anastomoses in the grou 
with slight and moderate narrowing did 1 
differ significantly from their appropriate con 
parison groups without narrowing. Every su! 
division with marked narrowing, howeve 
showed a significantly high incidence of cor 
nary artery anastomoses: anastomoses wel 
found in 58 per cent of all hearts with mark« 
coronary artery narrowing. Anastomoses we! 
found in only 26 to 39 per cent, however, « 
hearts without coronary narrowing to whic 
were added the factors of anemia, hypertrophy 
and valvular disease, singly or in combination 
Again, anemia and hypertrophy were not effe: 
tive in increasing coronary artery anastomose 
in the presence of marked coronary artery 
narrowing, just as combinations of them were 
not additive in the absence of marked coronary 
narrowing. 

Effect of Recent Coronary Artery Occlusions. 
Among the 275 hearts with complete occlusions 
of the coronary arteries were 121 with one or 
more points of recent occlusion (table 4 and 
fig. 2). Interarterial coronary anastomoses were 
demonstrated in 108 (89 per cent) of these 
121 hearts. Anemia and cardiac hypertrophy 
were not important in the development of anas- 
tomoses in this group. 

More than one recent occlusion was present 
in 27 of these 121 hearts, so that the total 
number of recent occlusions was 163 (table 4). 
Analysis of the local anatomic relation of the 
anastomoses to each of these 163 individual 
recent occlusions throws light on the mecha- 
nism of development of interarterial anastomo 
ses. Anastomotic filling of those branches oi! 
the coronary arteries directly peripheral to re 
cent occlusions was demonstrated only in 110 
of the 163 instances (68 per cent). Many of th: 
recent coronary artery occlusions were clear) 
superimposed on the site of previous marke 
coronary artery narrowing. Marked narrowing 
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ne without occlusion has already been shown 
be associated with an incidence of 58 per 
it of anastomoses. Hence it appears likely 
it the localized anastomoses found distal 
recent occlusions were induced in most in- 
nees by previous coronary artery narrowing. 
“ffect of Old Coronary Artery Occlusions. The 
up of 154 hearts with at least one old oc- 
sion and no recent occlusions in the coro- 
ry artery tree comprised 15 per cent of the 
al series of 1050 hearts. Intercoronary anas- 
tcmoses were present in every one of these 
14 hearts. In the larger group of 236 hearts 
w th old coronary artery occlusions (including 
8! with recent occlusions as well), all but three 


TaBLE 4.—The Incidence of Interai terial Coronary 


Group Number of Hearts 


Number 


Hearts with Recent Occlusions 
Only 


Anastomoses in Hearts wi ‘Yoronary Artery Occlusions 
{nastom in Hearts with C 1 ’ 


Anastomoses in Heart 


29 


805 


heart. Anastomoses were demonstrated in the 
coronary arteries directly distal to all but 13 
of these 349 sites of old occlusion (96 per cent). 
Even when the instances of old occlusions found 
in hearts with both recent and old occlusions 
were added, the incidence of anastomoses di- 
rectly distal to old occlusions remained high 
at 91 per cent (table 4). 

The special means of demonstrating anasto- 
moses in hearts with coronary artery occlusions 
by finding injection mass of the same color on 
both sides of an occlusion was the sole evidence 
of anastomoses in only 12 (8 per cent) of these 
154 hearts. It was, therefore, not a significant 
factor in the high incidence of anastomoses in 


Anastomoses Distal to 
Occlusion 
Number of 
Number Occlusions 
Dis- 
sectible 


Per Cent Number Per Cent 


74 2 29 58 





Hearts with Recent Plus Old Oc- 
clysions 


Hlearts with Old Oecclusions Only 5. zz 


Total of Hearts with Occlusions f 2 
(99 per cent) showed interarterial coronary 
unastomoses (table 4). In these three excep- 
tional instances existing anastomotic pathways 
may have been blocked by the terminal acute 
occlusion. This almost invariable occurrence of 
nastomoses in hearts with old coronary artery 
clusions is striking, whether it be compared 
ith the incidence of anastomoses in normal 
earts (9 per cent), in hypertrophied hearts 
26 per cent), in hearts from patients with 
nemia (39 per cent), in hearts with marked 
oronary artery narrowing (55 per cent), or in 
earts with recent coronary artery occlusions 
74 per cent). 
In the 154 hearts with old coronary artery 
clusions there were 349 separate points of 
Id occlusion, or over two old occlusions per 


54 


62 


Recent Occlusions 


113 $1 


Old Occlusions 
237 198 


349 336 96 


95 749 644 86 
hearts with old occlusions. Similarly, anemia 
was infrequent (13 per cent) in the 154 patients 
with old coronary artery occlusions and, there- 
fore, not significant in producing all the anasto- 
moses. 


Cor Pulmonale and Coronary Artery Anasto- 
moses 


Criterion of Cor Pulmonale. Uncomplicated 
cor pulmonale was present in 15 of the 1050 
hearts studied. In these 15 instances additional 
factors that might produce anastomoses, such 
as anemia, valvular disease, marked coronary 
artery narrowing or occlusion, were absent. 
Relative right ventricular hypertrophy, usually 
secondary to pulmonary fibrosis, was taken 
as the distinctive criterion of cor pulmonale, 
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even with a normal total heart weight. All 
these patients had suffered from severe, chronic 
pulmonary disease. In these 15 hearts the right 
ventricle measured 5 mm. or more in thickness 
or was greatly enlarged and dilated. The roent- 
genogram of the unrolled heart showed clearly 
the relative size and density of the soft tissue 
shadows of the right and left ventricles. In this 
way it provided valuable confirmatory data to 
the observations made at the autopsy table 
concerning right ventricular hypertrophy. 
Effect of Cor Pulmonale. Anastomoses were 
present in 11 (73 per cent) of these 15 hearts 


TaBLe 5.—Incidence of Etiologic Factors in 480 Hearts 
with Interarterial Coronary Anastomoses 
Total Incidence Incidence of 


of Factor, Alone Factor as 
or Combined Single Condition 


Per Num- Per 


Number Cent ber Cent 


Marked Coronary Ar- | 300 63 89 19 
tery Disease (com- 
plete occlusion or 
marked narrowing) 

Slight to Moderate Cor- 
onary Artery Narrow- 
ing 

Cardiac Hypertrophy 

Antemortem Anemia 

Valvular Heart Disease 

Cor Pulmonale 

Grossly Normal Hearts 


(table 1 and fig. 2). Despite the large standard 
error in this small group, there is a statistically 
significant increase in the incidence of anasto- 
moses over the 9 per cent seen in normal hearts 
without anemia, 26 per cent in hypertrophied 
hearts and 11 to 29 per cent in hearts with 
slight to moderate coronary artery narrowing. 
Cor pulmonale thus is associated with an in- 
crease in interarterial coronary anastomoses. 


Relative Frequency of Factors Inducing Anasto- 
moses 


All 480 hearts with interarterial coronary 
anastomoses were analyzed with respect to the 
relative frequency of the seven groups into 
which these cases fell (table 5). Since many 
hearts presented combinations of etiologic fac- 
tors, the incidence of these factors was tabu- 


lated in two ways: (1) their total incidence, 
whether they occurred alone or in combinati: 
and (2) their individual incidence in hearts 
a single, uncomplicated factor. Marked co 
nary artery disease, cardiac hypertrophy » 
anemia were the most frequent etiologic fact: 

The relative frequency of these factors 
hearts with anastomoses reflects not only tl 
etiologic effect in inducing anastomoses, | 
also their frequency in this particular series 
1050 hearts. The individual efficacy of th 
factors in inducing anastomoses has alre: 
been considered in the presentation of { 
percentage of hearts with anastomoses in | 
various groups. Both tabulations indicate 
preponderant role of marked coronary art: 
disease in inducing interarterial coron: 
anastomoses and the less marked effects 
cardiac hypertrophy and anemia. 


Grossly Dissectible Anastomoses 


F Grossly dissectible communicating pathways 
were found in 94 hearts (20 per cent) of the 
480 hearts with anastomoses (table 1); 72 of 
them occurred in the 275 hearts with coronary 
artery occlusions. More particularly, they were 
found in 70 (30 per cent) of the 236 hearts 
with old coronary artery occlusions and _ in 
only two (5 per cent) of the 39 hearts with 
recent occlusions alone. This latter incidence is 
lower than the 9 per cent found in the 66 
hearts with marked coronary artery narrowing 
and the 20 per cent found in the 15 hearts with 
cor pulmonale. Grossly dissectible anastomoses 
were of a similar low frequency in the remainder 
of the series, occurring in four (4 per cent) of 
the 100 hearts with moderate coronary artery 
narrowing, in two (2 per cent) of the 122 hearts 
with slight coronary artery narrowing, in three 
(4 per cent) of the 75 hearts with valvular 
disease and in four (1 per cent) of the 397 
remaining hearts in the series without coronary 
or valvular disease (table 1). 


Myocardial Histopathology 


Multiple, individually labeled microscopi 
sections from precisely localized areas of th« 
myocardium were studied in 509 of the 1050 
hearts in this series. These 509 hearts are not 
consecutive and do not form a representativ« 
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ple of the entire group of injected hearts. 

‘ertheless, certain broad relations between 

stomoses and histopathologic changes in 

myocardium could be determined. Micro- 
pic abnormalities noted included myocardial 

- eneration, necrosis, inflammation and fibro- 

Although these lesions varied considerably, 

litatively and quantitatively, in different 

its, they were grouped together and are 

sented in summary form here insofar as 
they are pertinent to the problem of coronary 
ar ery anastomoses. 

\s might be expected, few of the grossly 
normal hearts without hypertrophy, valvular 
or coronary disease showed histopathologic ab- 
normalities. Nevertheless, like anastomosis, his- 
topathology was significantly more frequent in 
the anemic hearts than in the nonanemic hearts 
of this group. In general, a parallel increasing 
association was found between hypertrophy, 
valvular and coronary lesions and the presence 
of histopathology and anastomosis. 

Of 319 hearts with histopathology, however, 
interarterial anastomoses were absent in 98. 
Conversely, it was of particular interest to 
find seven hearts without any microscopic myo- 
cardial pathology among the 114 with one or 
more complete old occlusions in which multiple 
microscopic sections were studied. In each of 
these instances there were found well-de- 
veloped, extensive interarterial coronary anas- 
tomoses which may have protected the myo- 
cardium from the effects of arterial occlusion. 


Time Necessary for Development of Anastomoses 
following Sudden Occlusion of a Coronary Ar- 
tery 


The relatively low incidence (58 per cent) 
of coronary artery anastomoses directly distal 
» recent coronary artery occlusions in 
omparison with the 96 per cent incidence of 
nastomoses directly distal to old occlusions 
uggests that the time interval between the 
ceurrence of the recent vascular occlusion and 
eath was insufficient in some instances for 
he development of compensatory anastomoses. 
aluable information concerning the time 
ecessary for the development of collateral cir- 
ulation might be obtained by relating the 
ge of a recent complete occlusion to the pres- 


ence or absence of an anastomosis associated 
with it. 

In such a study it would be necessary to 
know the age and rate of development of the 
recent occlusion and how much narrowing was 
present in the vessel before the recent occlusion 
occurred. Gross observations are too crude to 
establish these facts. Numerous microscopic 
sections, preferably serial sections, through 
ach zone of recent occlusion would provide 
such reliable information, but they were not 
available in the present series of hearts. 

An attempt was made to fix the time of the 
terminal fresh coronary artery occlusion from 
the clinical record. As might be expected, how- 
ever, it was unsuccessful because correlations 
between major episodes of cardiac pain and 
coronary artery occlusion are unreliable. Such 
episodes of pain, even associated with myo- 
‘ardial infarction, may occur without concom- 
itant fresh occlusion in the coronary artery 
tree and fresh coronary artery occlusions, fur- 
thermore, may occur without clinical mani- 
festations.!%6 

In this series clearly defined, well-timed clini- 
cal episodes appeared in only 73 of the 121 
patients dying with recent coronary artery oc- 
clusions. Furthermore, most of the 73 also 
had multiple, prolonged attacks of cardiac pain. 
Consequently, we were not able in this study 
to determine the rate of development of coro- 
nary interarterial anastomoses in man. 


DIscusSsION 


A definite, statistically significant relation- 
ship has been found between a number of 
factors and the development of human inter- 
coronary arterial anastomoses. In the absence 
of these stimulating factors less than 10 per 
cent of human hearts presented anastomoses. 
It is also suggested that the incidence of anasto- 
moses in the normal human heart would be 
still lower if all etiologic factors were known. 
Thus it is becoming more firmly established 
that, functionally at least, the coronary ar- 
teries in the human heart are end-arteries. It 
is also clear that: under a variety of stimuli 
the flexible coronary arterial system readily 
develops a functioning internal anastomotic 
collateral circulation to compensate for a 
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relative insufficiency of blood. Relative in- 
sufficiency may originate in the blood itself 
(anemia), in the aeration of the blood (pul- 
monary disease), in the myocardium (hyper- 
trophy), in the endocardium (valvular disease) 
or in the coronary arteries themselves (coronary 
atherosclerosis). 

The previous observation that marked nar- 
rowing and complete occlusion of the coronary 
arteries are most important factors in the pro- 
duction of interarterial coronary anastomoses 
has been firmly established. Their effectiveness 
is seen in the high incidence of anastomoses 
and in the frequency of large, grossly dissectible 
interarterial pathways under these conditions, 
as well as the great frequency of marked coro- 
nary artery disease in hearts with anastomoses. 
Slight or moderate coronary artery narrowing 
is much less effective. The experimental pro- 
duction of intercoronary anastomoses following 
narrowing and occlusion of the coronary ar- 
teries by surgical ligation in pigs and dogs’: ! 
led to similar conclusions concerning these fac- 
tors. Furthermore, the functional significance 
of such intercoronary anastomoses was demon- 
strated experimentally in the prevention of 
death and the reduction of myocardial damage 
following complete coronary occlusion. 

The detailed histopathologic studies of human 
hearts with marked narrowing and complete 
occlusion of the coronary arteries indicate the 
similar functional importance of such anasto- 
moses in the human heart. The increasing fre- 
quency of hearts with myocardial damage with 
increasing degrees of coronary artery obstruc- 
tion was anticipated. The few hearts, however, 
with complete old coronary artery occlusions 
but without any histopathology in the multiple 
microscopic sections illustrate pointedly the 
protective effect of the anastomoses. In these 
hearts, the development of interarterial coro- 
nary anastomoses during gradual coronary ar- 
tery narrowing must have been so adequate as 
to prevent organic muscle damage even with 
final complete occlusion of an artery. These 
observations find their occasional clinical corol- 
lary in the absence of cardiac pain or other 
symptoms after a proved acute coronary artery 
occlusion. In these instances, at least, the 
stimulus for interarterial coronary anastomoses 


ANASTOMOSES IN HUMAN HEART 


did not lead also to irreversible myocardi:! 
damage. 

Besides marked coronary artery disease, th 
factors of hypertrophy and of anemia have ea: 
been demonstrated to be associated individ 
ally with an increased incidence of intercor: - 
nary anastomoses. The addition of cardiac h 
pertrophy or anemia to other factors did n + 
materially affect the incidence of anastomos: 
The absence of a summative effect of seve: 
factors was unexpected. It is possible that sor 
underlying fundamental mechanism § such 
vardiac anoxia is common to all the facto s 
concerned. This mechanism may be activati 
by any single factor, but is not activated to 
greater degree or does not produce a great 
effect when stimulated by several factors 
combination. Because of the small numbers 
hearts available in the various subgroups, 
small additive effect might not have been st 
tistically apparent in the present analysis. Fu 
thermore, in any statistical analysis based o 
the “null hypothesis,” failure to demonstraie 
“significant” differences does not prove their 
absence.!*7 

The data are inadequate to establish an asso 
ciation of valvular disease per se with increased 
intercoronary anastomoses, since most of the 
hearts with valvular disease also showed cardiac 
hypertrophy. Valvular disease plus cardiac hy- 
pertrophy showed the same incidence of anas- 
tomoses as hypertrophy alone. Nevertheless, 
valvular disease alone may be a factor inducing 
interarterial coronary anastomoses; like anemia 
and coronary artery diseas2, an additive effect 
upon anastomoses may not be demonstrable 
when it is combined with cardiac hypertrophy. 

In half of the 27 hearts with chronic valvular 
disease in which coronary artery anastomoses 
were present, there was also marked right ven- 
tricular hypertrophy, indistinguishable from 
that resulting from primary pulmonary disease. 
In these hearts the mitral valve was usually in- 
volved. The development of anastomoses i! 
this group may result from: (1) valvular disease 
itself, if it is indeed a factor capable of stimu 
lating anastomoses; (2) cardiac anoxia on th 
basis of diminished oxygenation of the bloo 
from pulmonary insufficiency; or (3) cardia 
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hyp rtrophy with increased need for blood by 
the nlarged myocardium. 

| like manner, the increased intercoronary 
art: ial anastomoses found in cor pulmonale due 
to wlmonary disease may result from right 
ver ricular hypertrophy or cardiac anoxia sec- 
onc ry to pulmonary insufficiency. These two 
me: ianisms may also be involved in the six 
“ne mal” hearts with coronary artery anasto- 
mo °*s but without cardiac hypertrophy which 
ean from patients with marked pulmonary 
dis: ise, but without anemia. If the mechanisms 
we: more clearly established by which primary 
pul aonary disease stimulated the development 
of «oronary artery anastomoses, the number of 
“normal” hearts with unaccountable anastomo- 
ses could be reduced to three instead of nine in 
the series of 1050 hearts. Furthermore, the 
finding of unexplained myocardial histopathol- 
ogy in a few grossly normal hearts from patients 
without anemia suggests that the etiologic fac- 
tors herein considered for the development of 
coronary artery anastomoses are not complete 
or definitive. 

That anemia might stimulate the develop- 
ment of interarterial coronary anastomoses in 
otherwise normal hearts might have been an- 
ticipated. In 1944, Amadeo" suggested that 
the infrequency of clinical coronary disease 
among the poor rural population of Puerto 
Rico resulted from the effect of chronic anemia 
upon the development of collateral anastomotic 
vessels of the coronary arterial system. In four 
hearts from patients with anemia, Scott! found 
a marked increase in interarterial coronary 
anastomoses, as demonstrated by injection of 
the coronary arteries with a barium sulfate 
suspension in liquid latex.’?! In a study of the 
coronary arteries by Dock’s'! method of per- 
fusion with kerosene, we also found that the 
rales of flow were greatly increased in four 
hearts from patients with anemia.'“° 

In the present series the incidence of inter- 
erial coronary anastomoses in “normal hu- 
n hearts” was reduced from 22 per cent to 
ver cent when the patients with anemia were 
minated from the group of grossly normal 
irts. In comparison with this low figure, the 
idence of anastomoses in other groups of 
its assumed statistical significance. 


Insight into the basic mechanism stimulating 
intercoronary anastomoses is afforded by the 
demonstration of the roles of anemia and of cor 
pulmonale. Relative reduction in oxygen sup- 
ply to the heart (anoxia) is obviously common 
to these two conditions. Anoxia is associated 
also with all the other factors related to in- 
creased anastomoses. Accumulation of metabo- 
lites, lack of substances other than oxygen or 
mechanical factors such as differential pressure 
gradients in different parts of the coronary sys- 
tem consequent to anoxia, may be other mech- 
anisms that are effective in stimulating anas- 
tomoses. 

The precise site at which the anoxia is the 
critical stimulus for the development of anas- 
tomoses is also a matter of speculation. It may 
be in the coronary vessels themselves. The 
relative insufficiency of oxygen results either 
from reduced blood flow in the presence of coro- 
nary artery narrowing and occlusion or from 
increased demand for blood by the myocardium 
in cardiac hypertrophy and valvular disease. 
In anemia and cor pulmonale there may be no 
reduction in the relative volume of blood flow 
through the coronary arteries, but there is a 
reduction in the oxygen content of the blood, 
resulting from diminished hemoglobin and oxy- 
gen capacity in anemia and from diminished 
oxygen saturation in cor pulmonale. 

Intercoronary arterial anastomoses have 
been found in some instances without myocar- 
dial histopathologic changes. Cardiac anoxia of 
various origins may thus stimulate interarterial 
coronary anastomoses without necessarily pro- 
gressing to the stage of irreversible tissue dam- 
age. The reverse observations of hearts with 
myocardial damage but without anastomoses 
were also made in all categories. Many condi- 
tions may thus damage heart muscle irreversi- 
bly without necessarily stimulating the devel- 
opment of anastomoses. Nevertheless, in the 
control group of hearts with no intrinsic gross 
pathology, myocardial damage was infrequent 
in comparison with the histopathology found 
in hearts with hypertrophy, valvular disease 
and coronary artery disease. These normal mi- 
croscopic findings add validity to the criteria 
that were used for the selection of the ‘‘normal, 
control group.” 
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In this control group there were positive 
correlations between myocardial damage, ane- 
mia and anastomosis. Deleterious effects of 
anemia on heart muscle have been reported by 
others."' Our observations indicate that ane- 
mia per se may or may not produce some myo- 
cardial damage and that this potentiality is 
intimately related to its capacity to stimulate 
anastomoses. 

Anemia differs from most of the other con- 
ditions associated with the development of in- 
tercoronary anastomoses in that it may be 
transient and can be voluntarily produced and 
controlled in man and in laboratory animals. 
Any desired level of anemia may be reached 
and maintained by repeated venesections at 
appropriate intervals. Furthermore, a critical 
degree of anemia may be found which will 
stimulate the development of anastomoses and 
yet will not result in significant myocardial le- 
sions. Anemia might therefore be used as a 
readily controllable investigative tool in studies 
pertaining to intercoronary arterial anastomo- 
ses. 


The data available in the present study do 


not indicate clearly the duration and severity — 


of the anemia that is necessary to stimulate 
anastomoses. Anemia of less than six days’ du- 
ration appears to be without such effect and 
marked degrees of anemia seem no more effec- 
tive than moderate anemia. The question also 
remains unanswered whether the newly de- 
veloped interarterial coronary anastomoses are 
permanent or whether they disappear if the 
stimulus provoking them is withdrawn. Ama- 
deo" came to similar conclusions about the 
degree of anemia. He also assumed that inter- 
coronary anastomoses produced during the pe- 
riod of neonatal anemia persist throughout life. 

Anemia may conceivably have some thera- 
peutic application in the treatment of coronary 
artery disease. The presence of anemia for six 
months before death in five of the seven pa- 
tients whose heart muscle was entirely normal 
histologically despite old complete coronary 
artery occlusions suggests that pre-existing 
anastomoses produced by the anemia may have 
helped protect the muscle completely against 
the effects of the severe coronary artery disease. 
The old occlusions in these patients did not 


produce clinical manifestations, however, so 
that their temporal relation with the anemia 
could not be determined. It would theoretic: |ly 
be desirable to produce intercoronary ana to- 


moses before the onset of coronary artery ) .r- 
rowing or occlusion; coronary atheroscler sis 
would be much less disastrous if the coron iry 
arteries were not originally functional ¢ \d- 
arteries. The possibly favorable effects of : e- 
mia on the coronary circulation in experime: tal 


animals are now under investigation in his 
laboratory. 

It is a plausible assumption that the co: di- 
tion (anoxia) which stimulates the forma: on 
of coronary artery anastomoses also produces 
the microscopic myocardial abnormalities t :at 
are frequently found in the same hearts. On 
this basis, interarterial coronary anastomisis 
may also be regarded as an organic abnormial- 
ity, especially since it is so infrequent in normal 
hearts. The functional and organie abnormali- 
ties of anemia, chronic pulmonary disexse, 
cardiac hypertrophy, valvular heart disease and 
coronary artery disease then may be regarded 
as etiologic factors in the genesis of physiologic 
states of relative myocardial anoxia, and 
thereby, of the two anatomic abnormalities of 
anastomoses and myocardial histopathology. 
The latter two abnormalities tend to appear 
together in the same heart but are not neces- 
sarily directly interrelated. The development 
of the organic abnormality of coronary artery 
anastomosis is a compensatory response to 
these etiologic conditions. In some instances 
it is sufficiently protective to forestall or di- 
minish the development of the less desirable 
organic abnormality of myocardial damage. 
These assumptions are supported by our data 
not only in the large group with coronary artery 
disease where they might be considered axio- 
matic, but in every category discussed above. 

CONCLUSIONS 

In a series of 1050 human hearts studied by 
a method of injection plus dissection of the 
coronary arteries, increased interarterial coro- 
nary anastomoses were found in coronary heat 
disease, cor pulmonale, antemortem anemi:, 
cardiac hypertrophy and valvular heart diseas*. 

In 101 grossly normal hearts from nonanem 





P. M. ZOLL, 8. WESSLER AND M. J. SCHLESINGER 


pat nts the incidence of interarterial coronary 
an: tomoses was 9 per cent. 

89 grossly normal hearts from anemic pa- 
tic: s the incidence of anastomoses was 39 per 
cel 

the remaining abnormal hearts the inci- 
de: -e of interarterial coronary anastomoses was 
89 0 100 per cent with coronary artery occlu- 
sio , 11 to 63 per cent with coronary artery 
na: owing, 73 per cent with cor pulmonale, 26 
pe: cent with cardiac hypertrophy and 28 per 

with valvular disease. 

he factor of relative cardiac anoxia that is 
ent in all these conditions appears to be a 
mon underlying stimulus for the develop- 
t of interarterial coronary anastomoses. 
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Chronic Cardiac Compression (Chronic Con- 
strictive Pericarditis) 


A Critical Study of Sixty-one Operated Cases with 
Follow-up 


By J. R. Cuampuiss, M.D., ComManpber E. J. Jaruszewskt, U.S. N., B. L. Brorman, M.D., 
J. F. Martin, M.D., ano H. Fem, M.D. 


Sixty-one patients with chronic cardiac compression were studied critically, the largest series in 
the literature. All patients had pericardiectomy performed. The operative mortality was 18 per 
cent. Satisfactory result was obtained 72.1 per cent of the patients operated. Tuberculosis was the 
cause in 28.2 per cent. In most of the remaining cases the etiology was obscure. The symptoms, 
physical signs, and laboratory examinations are reported. The physiologic studies after operation 
demonstrate improved cardiac filling and emptying. 

The importance of diagnosis and the desirability of pericardiectomy are stressed. With anti- 
biotic therapy there is less risk in operating patients with active infection and the compression 


syndrome. 


N THE past 20 years the many cases of 
chronic compression operated at Univer- 
sity Hospitals of Cleveland offered an op- 

portunity for careful study. This report is based 
upon 61 operative cases from the service of 
Dr. C. 8S. Beck, with a study of pre- and post- 
operative observations. To our knowledge, this 
is the largest series ever reported. 

Chronic cardiac compression occurs as the 
result of a contracting pericardial scar which 
encroaches upon the diastolic filling and the 
systolic emptying of the heart, thereby reducing 
output. Usually the entire pericardium is con- 
verted into a compressing, nondistensible sac. 
Occasionally a localized fibrous band constricts 
the inflow or outflow tract of either ventricle. 
This is the basic pathologic and physiologic 
disturbance causing the various clinical and 
laboratory findings. 

Excellent historical reviews have been 
written by White,! Blalock and Burwell,? Heuer 
and Stewart,? Armstrong,’ Beck,® and others. 
The reader is referred to these papers. 

Beck®: 7 evolved the concept of “chronic car- 





From the Departments of Medicine and of Radi- 
ology, Western Reserve University, and the Uni- 
versity Hospitals of Cleveland, Cleveland, Ohio. 

EK. J. J. is a Fellow in Internal Medicine, assigned 
to the Department of Medicine, under the auspices 
of the U. S. N. 

B. L. B. is a National Heart Institute Fellow. 


816 


diac compression.”’ In 1935 Beck® presented the 
two diagnostic triads of cardiac compression: 
the acute (low arterial pressure, high venous 
pressure, and a quiet heart) and the chronic 
(high venous pressure, ascites, and a quict 
heart). In a review in 1939 Beck® found satis- 
factory results in 65 per cent of the cases oper- 
ated by 51 different surgeons. 

Incidence. Clinically and pathologically, 
chronic cardiac compression must be consid- 
ered an uncommon disease, although chronic 
adherent pericarditis is present in about 2 per 
cent of all autopsies. Cabot,'® in 114 cases of 
adherent pericarditis in 4,000 autopsies (2.8 per 
cent), found only one case of Pick’s disease. 
Smith,' in 62 cases of chronic adherent. peri- 
carditis in 3,053 autopsies (2.03 per cent), found 
three cases which could be considered chronic 
cardiac compression. Sprague,” in 1900 autop- 
sies, found 43 cases of pericardial adhesions of 
which 25 showed complete obliteration of the 
pericardial sac, and not one case of Pick’s 
disease. Wells'® found adherent pericarditis in 
57 of 1048 autopsies. Armstrong* reported 114 
cases of complete adherence of the pericardium, 
10 of which showed constriction. Essentially 
disease of young men, the incidence among men 
in our series (78.7 per cent) is similar to that 
Paul and 
ton.!® 


of associates" and of Harring- 
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Cases IN THis Stupy 


ll cases here reported were treated surgi- 
ca iy and a definite pericardial scar was found 
in ach. The 61 patients were operated 69 times. 

ollow-up data has been obtained on all but 

». The data was gathered through re-exam- 

‘(ion when possible, questionnaires from the 

ients, their immediate families or their per- 

al physicians and reports from various 
ics. 

\ge and Sex. The average age was 31.7 years 

ving from 6 to 54 years. Forty-three (70.1 

cent) were between 20 and 49 years with 

greatest number, 16, in the decade 30 to 

Forty-eight of the patients were males (78.7 

cent). 


HIstTory 


Primary Complaints. Dyspnea, ascites, 
edema, orthopnea, or a combination of these 


and, in a few instances, fatigue, were primary 


complaints. Some had had previous diagnoses 
of nephrosis, cirrhosis of the liver, chronic ne- 


phritis, and cardiac decompensation. 

The average duration of the primary com- 
plaint was two and a half years. Twenty-four 
cases had symptoms for one year or less, 24 had 
symptoms for two or more years and of this 
latter group, seven had symptoms for eight 
or more years. 

Accepting dyspnea, ascites, edema, and 
orthopnea as the most common symptoms of 
chronic cardiac compression, the cases were 
analyzed to determine how often each was the 
first symptom. Dyspnea led in 31 cases (50.7 
per cent); 21 (34.5 per cent) reported abdominal 
swelling as the first symptom; eight (13.1 per 
cent) reported edema; and one (1.6 per cent) 
reported orthopnea. 

Past History. Only four had a history of tu- 
herculosis. Subsequently, this proved the cause 
o! their compression. Ten patients had a history 
of acute rheumatic fever, preceding the symp- 
‘oms of compression by three months to 29 

“AT'S. 

SYMPTOMS 
Dypsnea. The most common symptom was 
yspnea, occurring in 54 cases (88.5 per cent). 
arying in severity from mild to completely 
icapacitating, it was usually moderately se- 


vere. The average duration of dyspnea was 28.3 
months, ranging from two weeks to 156 months. 
Abdominal Swelling. The next most common 
symptom was abdominal swelling, occurring 49 
times (80.5 per cent), and varied from slight 
to very marked. The average duration was 
28.7 months, ranging from 1 to 144 months. 

Edema. Forty-three patients (70.5 per cent) 
gave a history of peripheral edema of moderate 
severity with the average duration of 15.1 
months, ranging from 1 to 144 months. 

Orthopnea. The least common of these four 
symptoms was orthopnea, occurring in 21 cases 
(34.5 per cent). The average duration was 21.5 
months with a range of 1 to 120 months. 

Dyspnea and abdominal swelling were the 
most frequent symptoms, and the symptoms of 
longest duration. Edema occurred almost as 
frequently but was of slightly shorter duration. 
Orthopnea occurred in fewer cases with still 
shorter duration. In view of the fact that 
orthopnea is generally considered an uncommon 
symptom of chronic cardiac compression, note 
that it occurred in 34.5 per cent with an aver- 
age duration of 21.5 months. 

Fatigue was quite common and in a few in- 
stances was incapacitating. Other symptoms of 
some severity were, in one, dysphagia; in two, 
cough; in five, substernal discomfort and pal- 
pitation; and in two, swelling of the face. 

Paracenteses. Thirty-nine patients had some 
type of paracentesis prior to operation, varying 
in individual cases from 1 to 55 taps. One had 
53 pericardial paracenteses in one year. Follow- 
ing the instillation of gentian violet into the 
pericardium, the necessity for paracentesis 
ceased. During this period he developed signs 
and symptoms of chronic cardiac compression. 
In the next six years this patient required only 
two paracenteses. 

Only four cases required thoracenteses alone; 
16 had thoracenteses in combination with ab- 
dominal or pericardial taps. 


PuysicaL EXAMINATION 


In general, the patients were well developed 
and moderately well nourished. A few were 
described as “chronically ill.” Twenty-four 
(39.3 per cent) had some degree of cyanosis, 
varying from slight to severe. Of these, five 
(20.8 per cent) died postoperatively. Almost 
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one-half of the patients who died in the hospital 
were cyanotic preoperatively. Two showed very 
slight icterus on admission. 

Vital Signs. In general the temperature was 
normal. Eight patients had a preoperative tem- 
perature of 38 C. or above. Of these, only one 
died while still hospitalized, five months after 
operation. Four of these febrile cases proved 
later to have tuberculous pericarditis. One pa- 
tient had staphylococcal mediastinitis. 

The average resting pulse rate was 91 with a 
range of 60 to 124. Twenty-four cases hada pulse 
rate in excess of 100. 

The average systolic blood pressure was 112 
mm. Hg with a range of 80 to 150 mm. Eleven 
patients had a systolic pressure below 100 mm. 
The average diastolic pressure was 80 mm. with 
a range of 60 to 110 mm. There were seven with 
a diastolic pressure of 100 mm. or more. The 
average pulse pressure was 33 mm. with a 
range of 10 to 70 mm. 

Venous Distension. Distension of the neck 
veins was a universal finding, generally promi- 
nent, and frequently associated with distension 
of the veins of the forehead, arms, and chest. 

Cardiac Examination. A description of pre- 
cordial activity was given in 58 cases. In 18, 
the precordial activity was absent on inspection 
and palpation. In 26, it was decreased. Thus, 
in 48 cases (78.7 per cent) there was decreased 
precordial activity. In only one case was a 
systolic retraction of the intercostal spaces de- 
scribed (Broadbent’s sign). An apical systolic 
murmur was heard in four and a basal systolic 
murmur in one. In one, a pericardial friction 
was heard associated with staphylococcal medi- 
astinitis. The character of the heart sounds was 
normal in 24, distant in 35, and almost in- 
audible in two cases. A paradoxical pulse was 
described in eight. 

Abdominal Examination. Distension of the 
abdomen with ascites was a common finding. 
Some degree of ascites was present in 52 cases 
(85.3 per cent), but only 27 patients required 
abdominal paracentesis. In 17, the abdominal 
veins were distended. 


The spleen, palpable in six, was usually at 
the costal margin. Umbilical hernias occurred 
seven times and in three, inguinal hernias were 
present. All of these hernias were associated 


with ascites. The liver was enlarged and pal 
pable in all but one patient. In this patien: 
the abdomen was tensely distended with fluid 
and palpation was unsatisfactory. The live: 
edge was usually palpated at the umbilicus, t] 

iliac crest, or below the iliac crest. 

Peripheral Edema, Edema was present in 
(67.2 per cent). Of the remaining cases, ascit: 
Was present in 17. Six cases had edema witho 
ascites. Thus, ascites and/or edema was presei 
in 58 (95 per cent). 

Varicose veins with or without ulcers we)» 
present in 16 (26.2 per cent). 


LABORATORY STUDIES 


Routine urine analysis revealed no consiste1 
abnormality. Fifteen patients showed a tra 
of albumin at times. Only two had a hemoglobi 
of less than 70 per cent and only six had a r 
blood cell count of less than 4 million, th 
lowest being 3.3 million. The average whit 
blood cell count was 6,870 per cu. mm. with 
range of 4300 to 13,300. There were only fou 
with an initial white count of 10,000 or mor 
The differential blood smears were all withi 
normal limits, and only one patient had sero 
logic evidence of syphilis. In 52, the average 
blood urea nitrogen wes 12.2 mg. per 100 cc. 
with a range of 6.0 mg. to 22.5 mg. 

Serum Proteins. The total serum proteins 
were determined in 44 instances. The average 
value was 6.01 Gm. per 100 cc. Six patients 
had total serum protein of less than 5 Gm. per 
100 cc. of blood. All had ankle edema. The 
serum albumin was determined in 39. The 
average was 3.46 Gm. per 100 cc. of blood. 
Eleven patients with edema had less than 3 
Gm. The serum globulin was determined in 
39 patients, the average being 2.61 Gm. per 
100 ec. The albumin-globulin ratio was 1.0 or 
less in only eight patients. 

Analysis of our data of total serum proteins 
showed that in the cases without edema it was 
1 Gm. higher than in the group with edema. 
In the group without edema there were no 
cases with a total protein less than 5 Gm. per 
100 ce. or a serum albumin less than 3 Gm. In 
the group with edema 21.4 per cent had a total 
protein less than 5 Gm. per 100 ec. and 57 per 
cent with albumin less than 3 Gm. per 100 ce. 
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Sedimentation Rate. The preoperative sedi- 
meiitation rates were recorded in 37; nine de- 
ter ninations were 20 mm. or more in one hour 
(nx, rmal 10 mm. in one hour). Rapid sedimen- 
tat on rate may be evidence of disturbed liver 
fu: ction. The sedimentation rate was inconclu- 
si, evidence of active infection. 


CIRCULATORY STUDIES 


‘he preoperative circulatory status was eval- 
ua'ed on the basis of pulse rate, pulse pressure, 


vii il capacity, venous pressure, circulation 
tine, blood volume, basal metabolic rate, and 
eardiae output. 

‘‘irculation Times. The preoperative circula- 
tion time was studied in 44 of the patients. 
The average value, arm to tongue, was 25.5 
seconds with a range of 13 to 45 seconds. 
Twenty-five cases (59 per cent) had a circula- 
tion time of 24 seconds or greater. 

ital Capacity. Vital capacities were recorded 
in 49 cases. The average value was 1885 ce. 
with a range of 575 to 4000 cc. Thirteen pa- 
tients (26.5 per cent) had a vital capacity of 
less than 1500 ee. 

Venous Pressure. Venous pressures were re- 
corded in 60 of the 61 cases. The values con- 
firm the opinion previously expressed by Beck 
and by others that elevated venous pressure is 
an integral part of this clinical diagnosis. The 
average value was 26 em. of saline with a range 
of 15 to 41 em. No case had a venous pressure 
of less than 15 em. and only five had a value 
of less than 20 em. At the other extreme, six 
patients had a venous pressure of 35 cm. or 
greater. 

Cardiac Oulput. The cardiac output deter- 
minations were done by the Grollman acetylene 
method.'® This method is accurate and valid 
for comparative studies though absolute values 
ure consistently lower than those obtained by 
catheterization of the right heart.'” Preopera- 
tive stroke volume was determined in 36 cases. 
The average value for the group was 34 ce. 
with a range of 19 to 66 cc. The normal value 
for stroke volume by the Grollman method is 
(0 ce. Thus the average stroke volume was 56 
per cent of the accepted normal. 

Blood Volume. Blood volume was determined 
1 19 preoperatively by the vital red method." 


The range of normal for this method is 70 to 
100 ec. per Kg. of body weight.'® The average 
value for this group was 93.5 cc. per Kg. of 
body weight with a range of 71 to 112 cc. Six 
values were over 100 cc. per Kg. and most of 
the patients had values toward the upper nor- 
mal limit. 


ELECTROCARDIOGRAMS 

The electrocardiograms of all 61 cases have 
been studied. Most of the records made before 
the use of unipolar limb and chest leads make 
this primarily a study of the standard bipolar 
limb leads. Eleven of the cases were previously 
reported by Cushing and Feil.?° The behavior 
of the heart. during surgery will be reported by 
Jaruszewski and associates.?! 

Rhythm. Forty-two (68.8 per cent) had regu- 
lar sinus rhythm throughout the entire period 
of observation including the follow-up. Four- 
teen (22.9 per cent) had auricular fibrillation 
throughout the entire period of observation. 
Four (6.5 per cent) had auricular flutter at 
some time. Two of these cases were converted 
to sinus rhythm with digitalis and/or quini- 
dine preoperatively. This sinus rhythm was 
maintained throughout the period of observa- 
tion. One patient was converted from auricular 
flutter to auricular fibrillation with digitalis. 
Ten years later he still had auricular fibrilla- 
tion. The fourth case of flutter developed during 
the induction of anesthesia (GOE) and two 
weeks postoperatively was converted to sinus 
rhythm with digitalis and quinidine. Only one 
patient with sinus rhythm, when first seen. 
developed permanent auricular fibrillation 10 
hours postoperatively. This patient is still liv- 
ing 14 years later. One patient had transient 
paroxysmal auricular tachycardia on the third 
postoperative day and one had transient auricu- 
lar fibrillation. 

P-R and QRS Intervals. The P-R interval in 
general was within normal limits. In four, it 
was greater than 0.20 second, the longest being 
0.23 second. The QRS complexes were within 
normal limits except for reduced amplitude. 

T-Wave Changes. All had primary T-wave 
changes. In two all the T waves were upright 
in the standard bipolar limb leads, with the T 
waves low in amplitude. 
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Electrical Axis. The electrical axes were gen- 
erally in the intermediate position. The mean 
axis for the group was +68 degrees. The normal 
axis for males in this age group is +58 de- 
grees. Two patients had axes of less than 0 
degrees, these being —20 and —25 degrees. 
Both had normal blood pressure and no history 
or signs of rheumatic heart disease. Eight pa- 
tients had an axis of greater than +90 degrees. 

Voltage. The maximum voltage was measured 
by taking the height of the tallest R wave in 
any of the three bipolar limb leads. In many, 
the voltage was characteristically abnormally 
low. The average height of the R wave was 


3-22-34 6-24-35 








4-29-50 
































Fic. 1. Serial electrocardiograms showing the 
standard limb leads and a precordial apical lead. 
The record of 3/22/34 was taken two days prior to 
pericardiectomy. Note the persistence of auricular 
fibrillation and the slight increase in voltage. 


5.7 mm. with a range of 1 to 13.5 mm. The 
amplitude of QRS in the chest lead was usually 
reduced, but not to the same degree as in the 
bipolar limb leads. 

Duration of Electrical Systole. The duration 
of electrical systole was determined by calcu- 
lating the value of k in the formula 
QT = KVR — R™ The average value for k 
was 0.389 (within the limits of normal) with a 
range of 0.307 to 0.480. 

P Waves. The P waves were broad and 
notched in 20 cases (42.6 per cent). In some, 
this was marked enough to suggest “mitral P 
waves,” though no cases of mitral stenosis were 
present. 

In the whole series the most consistent elec- 
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trocardiographic findings were broad, notched 
P waves, low voltage of QRS, and primary T- 
wave changes. 

Postoperative and Follow-up Electrocardio- 
grams. Electrocardiographic patterns in the im- 
mediate postoperative period (first 30 days) 
were difficult to evaluate. With no consistent 
change in voltage, it was impossible to separate 
those T-wave changes due to altered posture 
and to epicardial injury from the surgical pro- 
cedure itself, from those due to intrinsic changes 
in the myocardium. A study of 23 cases with 
follow-up electrocardiograms obtained 1 to 22 
years postoperatively (with only five cases less 
than two years), showed a fairly consistent in- 
crease in voltage (average increase, 4.5 mm.). 
The T waves remained inverted and the mean 
axis shifted 18 degrees to the right. In four, 
the T wave became normal. In eight, there were 
minor T-wave changes associated with shift in 
electrical axis. There was no significant change 
in the value of k and only one had a change in 
rhythm from that present at the time of dis- 
charge from the hospital. 

Serial electrocardiographic changes before 
and after operation are shown in figures 1, 2, 
and 3. 


ROENTGENOSCOPY 


Moderate or marked diminution in pulsa- 
tions occurred in all cases, with none visible in 
some; in others the restriction was localized. 
Localization occurred when the calcified or 
thickened pericardium formed a ring about the 
apex of the heart. This caused a localized pul- 
sation with adjacent areas appearing immobile. 
During inspiration, fixation and lack of change 
of the cardiac silhouette were observed. Calci- 
fication, marked in some patients, was so 
minute in others that it could only be identified 
on the roentgenograms. Where calcification was 
extensive it appeared to encase the heart com- 
pletely except at the base. In others, it was 
localized to one of the margins. Motion of some 
of the calcified mass indicated that the scar 
was not rigid. Calcification in a healed myo- 
cardial infarct must be included in the differ- 
ential diagnosis. It is frequently difficult to 
determine the exact location of the calcium 
densities. 
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( hanges extrinsic to the pericardium include 
thc se in the lungs, pleura, diaphragm, and great 
vessels, resulting in varying degrees of fixation 
of ‘he heart and pericardium. Normally, as the 
dis ohragm descends in inspiration, the heart 


4-3-35 


posterior mediastinum become more radio- 
lucent and the distance between the heart and 
sternum increases. In our patients no change 
in contour or position of the heart and medi- 
astinum could be identified during inspiration 


Fra. 2. Serial electrocardiograms. The record of 4/3/35 was taken one day prior to pericardiectomy. 
Note the persistance of primary T-wave changes despite the increase in voltage. 


7- 28°35 


1-20-36 6-1- 50 


Fig. 3. Serial electrocardiograms. The record of 7/28/35 was taken one week after the onset of 
acute purulent pericarditis associated with pneumonia. The record of 11/20/36 was taken after the 
development of chronic compression, one day prior to pericardiectomy. Note the broad P waves 


prior to operation. 


aid mediastinum decrease in transverse diam- 
eter, the lungs become more radiolucent, and 
the costophrenie angles are sharply defined. 
The heart may shift slightly with a change in 
the position of the patient. The lateral projec- 
tion reveals a slight decrease in the size of the 
heart, the inferior portions of the anterior and 


or with a change in the patient’s position. 
Freedman* found that with the patient in the 
lateral recumbent position, there was some de- 
gree of fixation. The retrosternal space may 
remain obliterated. With inspiration an “‘up- 
ward tug” on the heart may be noted.*® Dia- 
phragmatic fixation and adhesions, though 
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identified, are frequently obscured by extensive 
pleural effusion. 

The size of the heart was estimated from the 
charts of Ungerleider?® using the transverse 
diameter and height and weight. In younger 
patients the cardiothoracic ratio was deter- 
mined by the method of Lincoln and Spillman.” 
The heart size was regarded as normal with 
the measurement within +10 per cent and 
—10 per cent of the mean. The transverse 
diameter represents the combined heart and 
pericardial shadow rather than a true measure- 
ment of the heart. Heavy exposure roentgeno- 
grams were useful in some instances. Small cal- 
cifications in the periphery of the lungs as well 
as paratracheal calcium shadows may be ob- 
scured by the pleural shadow. Frequently, the 
roentgenograms in the oblique positions showed 
abnormalities which escaped detection at roent- 
genoscopy. 

Kymograms. Johnson,” the first in the United 
States to report on the value of the kymogram 
in diagnosing pericardial scars, showed absence 
of the diastolic thrust of the cardiac silhouette 
throughout the right and left lower borders, 
with a marked decrease in the region of the 
left auricle and descending aorta. Freedman”? 
believes the kymographic examination holds 
no specific diagnostic value but can be used 
as an objective record for postoperative studies 
to compare the improvement in the pulsations. 
Stewart and co-workers,*® however, believed it 
was of considerable aid in diagnosis, especially 
in the study of the pulsations along the aorta 
and the right border of the heart where the 
amplitude was found to be most regularly re- 
duced. They believed the flattening and irregu- 
larity of the diastolic peak of the wave was 
helpful but less important. The kymogram in 
the frontal projection may be a composite of 
two chambers of the heart. This is especially 
true of the right border. Additional studies in 
the oblique projections enhance the value of 
this method. 

Roentgen Studies in This Series. Our roentgen 
study consisted of a review of the roentgeno- 
grams and roentgenoscopic observations in 58 
cases with evaluation of the preceding criteria. 
Twenty-six of these were reported by Freed- 


man in 1937.24 Kymograms were taken in 43 
patients prior to operation. 

The transverse diameter was measured in 52 
patients. In five, pleural fluid or thickenijg 
obscured the cardiac margins. It was within 
normal limits in 24 patients and enlarged in 8, 
The contour was classified as triangular in 21] 
patients, globular in 26, boot-shaped in s)\x 
and normal in four. Celcification, identified in 
27 patients, was frequently quite extensive a 
appeared to encase the heart almost complete); 
The base of the heart was usually spared. T), 
most common locations were the posterior p 
tion of the pericardial sac, the apex and the 
left cardiac margins. 

Roentgenoscopic observations and kyno- 
grams revealed a decrease in the amplitude of 
the pulsations in all. Absent in some through- 
out the entire silhouette, in others it was con- 
fined to one of the cardiac margins. An increase 
in the amplitude of pulsations was occasionally 
noted. This usually occurred in the apical re- 
gion where the calcification formed a firm ring 
about the apex. With a change in the position 
of the patient fixation of the heart caused a 
diminished lateral shift in 33 of the 40 patients 


so studied. In these there was no respiratory 
change in contour. The behavior of the dia- 
phragm during respiration was variable, with 
decrease in excursion or with portions appearing 
fixed. In a small number of patients, a para- 
doxical movement was observed. 


The superior mediastinum appeared normal 
in 20 patients and widened in 38, probably due 
to engorgement of the superior vena cava and 
associated mediastinitis. Normal segmentation 
of the aorta and pulmonary artery was ob- 
scured in all but seven. There were diminished 
pulsations in the aorta in 36, representing the 
thickening of the mediastinal pleura and a 
decrease in blood flow secondary to reduced 
cardiac output. Stewart and Heuer*! noted an 
increase in the size of the aorta following opera- 
tion not extending to this region. 

Active infiltration was identified in four pa- 
tients, fibrosis in six, and parenchymal calci- 
fication in 13. Vascular markings of the lung 
were increased in 20 patients indicating some 
degree of passive hyperemia. 
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Fig. 4. Roentgenkymogram prior to (left) and subsequent to (right) pericardiectomy demonstrating 
marked increase in pulsations, especially over the left border, after removal of sear. 


Fic. 5. Lateral views demonstrating (left) thick layer of calcium prior to operation. Following 
operation (right) a small posterior scar remains. 


‘here were pleural shadows (effusion and margins sharply defined in nine. The distribu- 
th ‘kening) in 49 patients with the costophrenic tion was bilateral in 24 patients, unilateral in 
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25. In many instances, the effusion was exten- 
sive, obscuring the cardiac margin. Only after 
repeated pleural taps could an adequate study 
be performed. 

Postoperative roentgen studies were obtained 
in 45 patients. Improvement in the amplitude 
of pulsations occurred in 41. In some, it was 
localized to the area where the scar was re- 
moved, in others, generalized. The heart size 
was unchanged in 18 patients, enlarged in 16, 
and decreased in 11. The pericardial calcifica- 
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refused surgery because of being a ‘‘poor risic.” 
Paracenteses were performed preoperatively 
and diuretics were given freely. For a short 
period quinidine was given immediately prior 
to the operation to reduce myocardial irri {a- 
bility. This was done in 17 patients and t'en 
absndoned. Gas, oxygen, and ether produced 
the most satisfactory anesthesia. The opera ion 
was smoother when respiration was maintained 
by a mechanical respirator. The left ante: ior 
approach in the third or fourth intercostal s}-.ce 


Fic. 6. Posteroanterior and oblique views showing a layer of calcium originally considered to 
represent pericardial calcification. Subsequently proved to be calcification of myocardial aneurysm 


resulting from myocardial infarction. * 


tion was not completely removed in many 
patients and was identified in 21 in the post- 
operative roentgenograms. 

Typical x-ray studies are shown in figures 4, 
5, and 6. 


SURGICAL PROCEDURES 


Every effort was made to avoid surgery in 
the presence of active infection.* No case was 

* Holman and Willett® recently obtained satis- 
factory results in pericardiectomy during active tu- 
berculous pericarditis in five patients. Three patients 
were cured and two patients were improved. Strepto- 
mycin was administered. 


was used in all instances excepting those requir- 
ing removal of scar from the extreme right side 
of the heart. The pericardium was split from 
base to apex and removed anteriorly and lat- 
erally. When possible, the pericardium was 
separated from the heart by blunt dissection, 
occasionally by sharp dissection. A second oper- 
ation was necessary in some instances to clear 
the extreme right side of the heart. Rest pe- 
riods of one to three minutes were frequently 
employed when the heart became irregular or 
when the blood pressure fell. 

The usual sear was thick, fibrous, and diffus: 


In two patients the compression was due |» 
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thic!. fibrous bands encircling the heart. One 
patient had a “tight band about the base.” 
Ano her had two bands, one at the apex and 
one at the atrioventricular sulcus with the 
myocardium ‘bulging in between.” A third had 
4 thick band about the superior vena cava in 
addition to a diffuse sear. In 26, calcium in the 
pericardium was easily discernible to the opera- 
tor. In one, the calcium was thick enough to 
male complete excision impossible. In another, 
rongeurs were used to remove the calcified 
pericardium. In 12 instances, signs of active 
infetion in the pericardium were present, mani- 
fested by a small amount of pus, tubercle-like 
formations, or inflamed or edematous scars. 
The sear invaded the myocardium in 19 pa- 
tients, making the dissection difficult. Slight 
bleeding occurred. 

Operative . Difficulties. Jaruszewski, Heller- 
stein, and Feil*! described the treatment of 
arrhythmias developing during cardiac surgery 
and Beck** discussed the treatment of ventricu- 
lar fibrillation and standstill. In 69 operations 
on 61 patients in this series, some type of 
surgical difficulty occurred 12 times with four 
deaths. 

The surgical complications were: hemorrhage 
from incision of right auricle in three, hemor- 
rhage from left auricle in two, ventricular fibril- 
lation in two, cardiac arrest in one, bilateral 
pneumothorax in one, hemorrhage from branch 
of anterior descending coronary artery in two, 
and tear of a coronary vein in one. 


POSTOPERATIVE STATUS 


The postoperative course of patients was 
generally good with few complications. They 
were given oxygen, general supportive meas- 
ures, and antibiotics. Serious postoperative 
complications appeared in four. Two had post- 
operative bleeding requiring surgical interven- 
tion. One had postoperative wound infection 
and subsequently died. Another had wound 
inieetion, which apparently was a manifesta- 
tion of the underlying disease. One developed 
acute cardiac failure on the twelfth postopera- 
tive day but responded satisfactorily to the 
usual measures. Twelve patients required one 
t. four paracenteses postoperatively, all mak- 
ing an uneventful recovery. Three had _ post- 


operative arrhythmias, previously mentioned. 
No instances of embolic phenomena occurred. 

Deaths. Eleven (18 per cent) died in the 
hospital. This included one patient: who died 
in his fifth postoperative month, never having 
been well enough to be discharged. Only one 
patient died on the operating table; six died 
within the first 48 postoperative hours. The 
other three patients died at 5, 23, and 40 days. 


1. During operation a 15 year old white boy de- 
veloped bilateral pneumothoraxes. These were con- 
trolled satisfactorily, but toward the end of the 
operation, the heart dilated acutely and ceased to. 
beat. All attempts at resuscitation were unsuccessful. 
No autopsy was performed. 

2. A 37 year. old white woman was in extremely 
poor condition preoperatively. The calcium on the 
pericardium was so thick that it was removed with 
a rongeur. During operation the heart stopped but 
was revived satisfactorily. Postoperatively the pa- 
tient was in fairly good condition with a systolic 
pressure of 88 mm. Hg and a pulse of 105. The 
patient suddenly died 24 hours postoperatively. 
Autopsy revealed acute pulmonary edema. There 
were no embolic phenomena. i 

3. A 23 year old white woman was in good pre- 
operative condition. During operation both pleural 
spaces were accidentally opened, and a massive 
hemorrhage from the right auricle occurred. The 
postoperative blood pressure was 60/30, and in spite 
of transfusions the patient died 16 hours later. 
Autopsy revealed hemopneumothorax (600 ec.), at- 
electasis of the left lung, and acute pulmonary 
edema. 

4. A 40 year old white man developed ventricular 
fibrillation which persisted for 20 minutes during 
the operation before it was successfully treated. The 
patient was in good condition for a few hours follow- 
ing operation and then began to fail. One thousand 
ec. of fluid and then air were aspirated from the left 
chest. A catheter was placed in the chest through 
a stab wound and the respirations maintained by a, 
positive pressure mechanical respirator. The wound 
was not “sucking air,” but as air was forced into the 
lungs it came freely out of the catheter, giving 
evidence of a bronchopleural fistula. The patient 
died 18 hours after operation. An autopsy was not 
performed. 

5. A 36 year old white man had an uneventful 
operation. Three hours postoperatively the blood 
pressure fell. He died six hours later. Autopsy did not 
reveal the cause of death. 

6. A 26 year old white man had active tuberculo- 
sis. Surgery was delayed. At operation the peri- 
cardium was thick, edematous, and showed signs 
of active infection. The operation was uneventful, 
but 36 hours after the operation he suddenly became 
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cyanotic and died. Autopsy revealed a massive 
hemopneumothorax and tuberculosis of the pleura, 
pericardium, and mediastinal nodes. 

7. A 27 year old white man had a septic pre- and 
postoperative course. At operation a creamy pus- 
like material was present in the pericardium. This 
was negative for organisms by culture, smear, and 
guinea pig inoculation. The postoperative course 
was septic, requiring catheter drainage of the peri- 
cardium. A hemolytic staphylococcus was cultured 
from the pus draining from the wound. In the fifth 
postoperative month, there was a sudden hemorrhage 
from the wound and the patient died. Autopsy 
revealed a perforation of the right ventricle due to 
suppuration and abscess formation of the ventricu- 
lar wall. Organisms resembling pneumococci were 
seen in the microscopic sections. The ventricular 
perforation may have been caused by constant 
pressure of the catheter. 

8. A 26 year old white man withstood the opera- 
tion. Postoperatively he was febrile, and he died on 
the fifth day. Autopsy revealed left hemopneumo- 
thorax (3000 ec.), caseous tuberculosis of the medi- 
astinum and pericardium, and confluent broncho- 
pneumonia of the right lung. In addition there was 
miliary tuberculosis involving the lungs, liver, spleen, 
peritoneum, and brain. 

9. A 14 year old white boy had an uneventful 
operation, though his blood pressure was unobtain- 
able for 12 hours postoperatively. He then appeared 
well until the eighth day when he developed a fever 
which persisted until his death on the fortieth post- 
operative day. Autopsy revealed miliary tuberculosis 
involving the lungs, pleura, lymph nodes, spleen, 
liver, kidneys, and peritoneum. 

10. A 36 year old white man withstood the opera- 
tive procedure well but postoperatively the right 
lung did not expand. Chest aspiration and bronchcs- 
copy were of no avail. The patient died 24 hours 
later. Autopsy did not reveal the cause of death. It 
was attributed to ‘‘acute dilatation of the heart.” 

11. A 30 year old white man withstood the opera- 
tion well but developed postoperative wound infec- 
tion. The wound drained profusely, the patient grew 
steadily worse, dying on the twenty-third day after 
operation. Autopsy was not performed. 


RESULTS OF TREATMENT 

Following recovery from the immediate 
trauma of surgery, most cases showed an early 
objective and subjective improvement associ- 
ated with a gradual improvement of physiologic 
function tests over a period of several weeks. 
Six patients in this series did not follow this 
course but required one or more operations. 
One case was operated three times; one, four 
times; and one, five times. The other three 
were each operated twice. 
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In a check of the 50 patients discharged from 
the hospital, 11 were examined by the aut! 
13 by physicians or clinics in other cities 
24 answered questionnaires. Personal |: 
frequently accompanied the questionnair« 
plifying the answers. Two cases have 
followed for one year (the most rec ntly 
operated), 13 were followed for two to six | ars, 
7 for 6 to 11 years, and 22 for more th:n 1] 
years. The longest follow-up in a single ¢ \se js 
22 years. 
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Two cases have been classified as un- 
improved. One, unimproved at the tine of 
discharge, we have been unable to trace. The 
other died of progressive disease one yea: and 
two months later. This patient had been 
operated four times previously. 

Of the six improved cases, three died since 
discharge (one died of unknown causes 11 years 
and six months after operation, one died of a 
double hernia two years after pericardiectomy, 
and one died 11 years after operation from 
ventricular fibrillation during operation in 
another hospital for recurrence of compression 
symptoms). Of the remaining three in this 
group, one was improved at the time of dis- 
charge with follow-up data not available; one 
is improved 13 years after the first operation, 
seven years after the second operation, but is 
again developing symptoms; and one has been 
steadily improving in the year and eight months 
since operation. 

Of the 38 patients with excellent results, 
three have died of unrelated causes; two, five 
and six years postoperatively. The remaining 35 
patients are well and are carrying on full activ- 
ity. Thus, a satisfactory result (excellent or 
improved) has been obtained in 44 (72.1 per 
cent) of the 61 cases operated. 

Pulse Rate. The average preoperative pulse 
rate was 91, with a range of 60 to 124. The late 
postoperative pulse rate averaged 81 with a 
range of 58 to 103. Only three patients liad 
pulse rates over 100, as compared with 24 in the 
preoperative period. 

Venous Pressure. Preoperative venous pr¢s- 
sures were obtained in 60 cases, the average 
value being 26 cm. of saline with a range of 
15 em. to 41 em. There were no values below 
15 em. and only five below 20 cm. 







‘rom 
101s, 
and 
ters 
am- 
ee] 
ntly 
US, 
1 |] 


se is 


un- 
of 
lhe 
and 
een 


nce 


J. R. CHAMBLISS ET AL. 


lany cases showed a drop in venous pres- 

e almost immediately after operation. The 

crage value in the 48 cases, with determina- 

1 done in the first 30 postoperative days, 

+3 17.5 em. with a range of 5 em. to 34 em. of 

saline. There were 31 cases (50.7 per cent) with 
yenous pressures less than 20 cm. and 12 cases 
(32.7 per cent) with pressures less than 15 em. 

in the late postoperative period there were 
24 observations. The average value was 14.3 
cn. of saline with a range of 6 em. to 25 em. 
Fiiteen (62.5 per cent) had pressures less than 
15 em. at this time; however, three of the 24 
observed in this late period had pressures 
greater than 20 em. of saline. The average 
decrease in venous pressure for individual cases 
was 11.4 em., with only five failing to show a 
fall at the time of last observation. 

Pulse Pressure. The average preoperative 
pulse pressure was 33.2 mm. Hg, with a range 
of 10 to 70 mm. Hg. In the early postoperative 
period 27 observations were made. The average 
value was 43 mm. Hg, with a range of 25 to 
58 mm. Hg. In the cases with late postopera- 
tive observations, there has been very little 
change. The average value of the 23 cases in 
the late group was 43 mm. Hg, with a range of 
25 mm. to 55 mm. Hg. 

Stroke Volume. In the 36 preoperative deter- 
minations of stroke volume, the average value 
was 34 ec. per beat, with a range of 19 to 66 ce. 
Stroke volumes were determined in the early 
postoperative period in 28. There was a definite 
increase in most cases. The average value at 
this time was 45 ec. per beat with a range of 
29 ce. to 70 ee. As in the pulse pressures, the 
greatest change in stroke volume seemed to 
occur in the early postoperative period. The 
average value for the nine cases seen in the 
lute postoperative period was 48 cc. per beat, 
with a range of 31 to 62 ec. per beat. 

Blood Volume. Blood volume was determined 

19 cases preoperatively. The average value 
vas 93.5 ce. per Kg. of body weight, with a 

inge of 71 ec. to 111.6 cc. per Kg. There were 

< cases with values greater than 100 cc., and 
‘he group as a whole showed a tendency toward 
increased blood volume. Early postoperative 
determinations of blood volumes were made 
i: 14 cases; there were no late determinations. 


The average value postoperatively was 88.6 
cc. per Kg. of body weight with a range of 59 
to 104 ec. Of the 15 cases having pre- and post- 
operative studies the average decrease in blood 
volume was 7 cc. per Kg. Only three cases 
showed postoperative increase in blood volume. 

Circulation Time. Arm to tongue preopera- 
tive circulation times were determined in 44 
patients. The average value was 25.5 seconds, 
with a range of 13 to 45 seconds. In the early 
postoperative period circulation times were 
done on 27 patients. The average value was 
20 seconds, with a range of 10 to 36 seconds. 
In the late postoperative period the average 
circulation time was slightly longer than in the 
early period. The average late value in 18 cases 
was 23 seconds, with a range of 13 to 40 sec- 
onds. 

Basal Metabolic Rate. The basal metabolic 
rate was determined in 26 patients prior to 
operation. In most cases multiple determina- 
tions were done. The basal metabolic rate was 
calculated from the oxygen consumption and 
based upon estimated dry weight. (Usually 
the weight after recovery was used as the dry 
weight.) The average basal metabolic rate for 
the 26 cases was —7 per cent. In both the early 
and the late postoperative period, the oxygen 
consumption increased and was within normal 
limits in almost every case studied. 


PatTHoLocic FINDINGS 


In chronic cardiac compression, the heart 
and pericardium appear as a single mass of 
scar tissue which is so frequently adherent to 
the diaphragm, pleura, and mediastinal struc- 
tures. The density of the scar and the amount 
of contraction determines the presence or ab- 
sence of compression. The scar may vary in 
thickness from 2 mm. to over 1 cm. Varying 
amounts of calcium or even bone formation 
may be present (fig. 7). The scar frequently 
invades the myocardium itself. Occasionally 
signs of active inflammation may be present 
in the form of pericardial fluid, edema, hyper- 
emia, and tubercle formation. With long- 
standing compression, atrophy of the heart 
occurs histologically and grossly. 

In all cases a thick, fibrous, adherent scar 
was found. In approximately 50 per cent there 
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was an appreciable amount of calcium. The 
sear was diffusely distributed in all cases, ex- 
cept in two with localized bands. There were 
signs of active pericardial infection in 12. The 
hearts of the eight patients examined at autopsy 
were small or normal (from 175 to 300 Gm.), 
with one exception. This patient had associated 
rheumatic mitral disease with definite cardiac 


Tubercle bacilli were identified in only one. 
The other eight specimens showed chronic in- 
flammation even though the diagnosis of tu- 
berculosis was established by other pathologic 
or bacteriologic evidence obtained befor or 
after operation. Thus, tuberculosis canno: be 
excluded on the basis of a negative pathologic 
examination of the excised pericardium. Fivure 


Fic. 7. Photomicrographs demonstrating commonest histologic findings. Top left: Relatively 
acellular, avascular hyelinization. Top right: Tuberele formation. Bottom: Calcium and bone forma- 
tion. 


hypertrophy. The ventricular walls were 
usually thinner than normal. In three cases 
there wes slight dilatation of the right ventricle. 

Histologically, the typical picture was that 
of an “acellular fibrosis with hyalinization con- 
sistent with chronic inflammation.” Many sec- 
tions showed fibroblastic proliferation, some 
showed vascularity, and a few inflammatory 
cells. 

In 16 patients the surgical specimens were of 
particular interest. Sections of these hearts have 
been re-examined and new sections prepared. 
Eight were diagnosed as tuberculosis of the 
pericardium on the basis of tubercle formation. 


7 shows representative specimens of the re- 
moved pericardium. 

Eight patients were autopsied; all had been 
operated and died while still hospitalized. Two 
had widespread miliary tuberculosis involving 
the lungs, pleura, mediastinum, liver, spleen, 
peritoneum, and pericardium. One had not had 
a previous diagnosis of tuberculosis despite two 
operations. Another showed tuberculosis in- 
volving the pericardium, right pleura, and the 
mediastinal nodes; the fourth showed tuberci- 
losis of the hilar mediastinal nodes and of tlic 
spleen without a previous diagnosis of tuber- 
culosis. 
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in two no specific cause for the compressive 
scor was found at autopsy. One other showed an 
old tuberculous mediastinal node and chronic 
mi‘ral valvulitis with calcification and insuffi- 
cicacy. Neither of these lesions could be defi- 
niiely established as the etiology of the com- 
pression. The eighth showed suppurative 
mocarditis associated with a longstanding 
suppurative pericarditis. 

‘hronic passive hyperemia of the lungs, liver, 
spleen, and viscera was found in all. Three pa- 
tients had tuberculous pleuritis and the other 
five, obliterative pleuritis. A diagnosis of 
“chronic productive peritonitis” was made in 
half of the cases autopsied. 

Examination of the liver revealed a constant 
pattern of varying degree in each case. Cap- 
sular thickening was marked in only two, less 
in the others. Sectioning of the liver revealed 
evidence of nodularity (subcapsular). 

Histologic examination revealed moderate 
passive hyperemia in only one case. The other 
seven had various degrees of damage to liver 
cells, occasional necrosis, and proliferation of 
connective tissue and bile ducts, with alteration 
of the architectural pattern. In two, the histo- 
logie section was indistinguishable from ad- 
vanced Laennec’s cirrhosis. 

These findings emphasize the fact that in- 
creased venous pressure not only gives central 
involvement but also produces portal fibrosis 
and alteration of architecture. The predomi- 
nance of subcapsular involvement may result 
from the pressure effects at the periphery of the 
liver substance, due to greater anoxia there. 


ETIOLOGY 


There has been difference of opinion as to 
etiology. Since the pathologic examination of 
the specimen removed at surgery is so 
frequently inconclusive, it is often necessary to 
determine the etiology from the type of onset, 
associated diseases, previous history of tuber- 
cilosis or other disease, examination of pleural 
or pericardial fluid, or the presence of tubercu- 
lusis elsewhere. 

In 31 patients (50.8 per cent) the onset was 
\.gue and insidious. In these patients, there 
vas no history of any acute episode related to 
{.e onset of symptoms. In 10 patients (16.4 per 


cent) the onset was associated with acute in- 
fection, which in five consisted of an upper 
respiratory infection, bronchitis, or grippe. In 
one the onset followed an acute nonspecific 
pericarditis and in one, “‘grippe and acute peri- 
carditis.”’ In the other two patients the onsets 
were associated with illnesses manifested by 
fever, headache, and occasionally chills. Four 
of these 10 patients were diagnosed as having 
acute pericarditis during this initial infection. 
Nineteen (31.1 per cent) had delayed onset 
following an acute infection, the delay varying 
from one to several months. In two patients 
the onset followed pneumonia with pericarditis. 

Even though in 29 (47.9 per cent) patients 
the onset could be related to some febrile ill- 
ness, a slightly larger group of 33 (52.1 per 
cent) patients had no history of a precipitating 
episode and only nine had a history of any 
type of pericardial disease prior to the onset. 

Tuberculosis, based on histologic or bacteri- 
ologic evidence, was the cause in 16 patients 
(28.2 per cent). There was no significant type 
of onset in the tuberculous cases. Two of these 
had normal chest plates, four had Ghon com- 
plexes, and in only one instance was active 
pulmonary tuberculosis suggested. Four cases 
(6.5 per cent) were considered as of possible 
tuberculous origin, because of suggestive evi- 
dence of tuberculosis in the pathologic speci- 
men. 

Two (3.3 per cent) were pyogenic in origin. 
In one patient, there was x-ray evidence of 
pericardial calcification prior to the onset of 
the pyogenic episode. One case illustrates the 
pitfalls of making a diagnosis on the basis of 
history alone. There was a history of septi-. 
cemia with metastatic abscesses two years prior 
to the onset of the compression syndrome. At 
autopsy, it was of tuberculous origin. 

In three patients (4.9 per cent) the onset 
followed acute nonspecific pericarditis. Of the 
16 cases proved to be tuberculous in origin, 
three had the onset of symptoms following 
acute pericarditis. 

Although 10 patients had a past history of 
rheumatic fever, in only one could this be 
considered as a possible etiologic agent. This 
patient had recurrent rheumatic fever pre- 
ceding and following the development of com- 
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pression. In view of the findings in this series 
and those of others,* it is probable that rheu- 
matic fever was coincidental. One case 
illustrated the hazard of diagnosing a rheumatic 
etiology. This patient had rheumatic pancar- 
ditis 16 months prior to the onset of compres- 
sion. Pathologically the pericardium removed 
at operation showed fibrocaseous tuberculosis. 

Thirty-five cases (57.7 per cent) are classified 
as of unknown etiology. On occasion the etiol- 
ogy cannot be established even with a complete 
autopsy, and an autopsy can present some data 
for two causes, but be insufficient for diagno- 
sis. 

Most observers believe that tuberculosis is 
the single most important etiologic agent; how- 
ever the published incidence varies widely. 
Blalock and Levy* reported positive evidence 
for tuberculosis as the etiology in 57 per cent, 
while Harvey and Whitehill** reviewed 95 cases 
of tuberculosis of the pericardium and con- 
cluded that ‘‘we have never seen a patient who 
recovered from the active process develop 
chronic constrictive pericarditis.’””’, Andrews, 
Pickering, and Sellors®” found that of 18 pa- 
tients with acute tuberculous pericarditis, 16 
developed chronic compression, concluding that 
tuberculous pericarditis results in compression. 

Sellors** found tuberculosis in 16 of 20 cases. 
Mortensen and Warburg** found histologic evi- 
dence of tuberculosis in only three of 20 oper- 
ated cases. Harrington!® found a 15 per cent 
incidence of tuberculosis in 34 operated cases. 
Paul, Castleman, and White’ found tubercu- 
losis in nine of 53 cases. Heuer and Stewart? 
could prove tuberculosis in only one of their 
18 operated cases. Armstrong* concluded that 
“probably there are many more cases of tuber- 
culous origin than can be proven by histological 
or bacteriological methods ”’ 

The role of rheumatic fever has long been 
controversial. Harrison and White* in a follow- 
up of 1500 cases of rheumatic heart disease 
found no cases of chronic compression. In Har- 
rington’s series’! the one case thought to be 
due to rheumatic fever was later proved to be 
tuberculous. Armstrong* excluded rheumatic 
fever as a cause of compression. 

There are many reports of chronic compres- 
sion following acute nonspecific pericarditis. 


Five of Heuer and Stewart’s* 18 cases had a 
previous pericardial effusion; and Paul nd 
associates reported that previous pericarditis 
had been present in six cases (11.3 per cent) 
and a history suggestive of pericarditis \vas 
obtained in three additional cases (5.7 per cet), 
Hunter and East*® and Griswold* repo: ied 
chronic compression following acute pericarditis 
after a long interval. 


Occasionally chronic cardiac compression |ias 
been reported to follow pulmonary infecticns, 
nonspecific infections, and septicemia.”-* |e. 
cently, two cases of compression due to Preu- 
mococcus tularensis were reported.) “ Rarely, 


compression may be due to tumor.*® 

The relationship of tuberculosis to compres- 
sion scars is further emphasized in the pat|io- 
logic studies of our cases. Of the eight patients 
studied at autopsy, four had tuberculosis. Of 
these four, only two were diagnosed as such 
prior to autopsy. This, in conjunction with the 
finding of negative surgical specimens in eight 
vases considered to be of tuberculous origin, 
emphasizes that more are due to tuberculosis 
than can be proved by clinical diagnosis. Six 
of the 11 postoperative deaths were in patients 
with tuberculosis, and six of the 16 cases proved 
to be tuberculous died. Even though 10 of the 
16 tuberculous patients are living one year and 
eight months to 17 years after operation, it 
appears that a preoperative diagnosis of com- 
pression due to tuberculosis gives a poorer 
prognosis. 


PuysiIoLocic CHANGES 


Compression occurs when the rigid encasing 
sear contracts and encroaches upon the heart 
preventing adequate filling and ejection. A dif- 
fuse scar alone causes no physiologic derange- 
ment, as is illustrated by the relatively high 
incidence of adherent pericardium without com- 
pression. Occasionally a thick scar containing 
calcium may be present without evidence of 
compression.* 

The basic derangement of function, regard- 
less of the type of scar, is limitation of stroke 
volume.*: 46-59 The decreased cardiac output 
initiates the factors acting in congestive heart 
failure; abnormal salt retention, increased ve- 
nous pressure, and increased blood volume. 
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since the stroke volume cannot be increased 
wit!: physiologic demands, the immediate form 
of compensation is tachycardia.” As a result of 
the decreased cardiac output, tissue oxygena- 
tio!: is maintained by increased arteriovenous 
difference as the tissues extract more oxygen 
per unit of blood. At these lower partial pres- 
sures of oxygen, oxygen transfer to the tissues 
is impaired and the efficiency of the transport 
sysiem is decreased. 

levated venous pressure is one of the most 
striking and constant findings in this disease. 
It is higher than is usually found in congestive 
failure and shows little fluctuation in a single 
patient. The high venous pressure is due to 
obstruction of inflow, increased blood volume, 
and decreased cardiac output. 

Figure 8 summarizes the alterations in the 
physiologic aspects of the disease following peri- 
cardial resection. 

The severe passive hyperemia of the liver 
leads to portal hypertension and eventually to 
cardiac cirrhosis. Universal impairment of liver 
function occurs.” Edema and ascites result from 
impaired formation of serum protein and from 
faulty absorption of protein from the intestinal 
tract. 

The principle electrocardiographic findings 
are low voltage, P-wave deformity, primary T- 
wave changes, and arrhythmias. Low voltage 
of the QRS complex is due to the insulating 
effect of the pericardial scar and short circuiting 
by the pleural and peritoneal effusions.*!~** At- 
rophy of the heart is another factor in producing 
the low voltage.** *6 

The T-wave changes are due to injury of the 
superficial myocardium with resulting changes 
in the direction of repolarization. Postopera- 
tively the primary changes remain because of 
the injury to the epicardial surface. A change in 
the ventricular gradient may be a factor alter- 
ing the form and direction of the T wave. 

‘The heart encased in a chronic constricting 
scar undergoes atrophy. With the removal of 

is rigid case, associated with augmented ve- 

‘is pressure, an increased burden is placed 
on the heart, and the heart dilates. In our series 
at least two postoperative deaths occurred as 
aresult of “cardiac dilatation.’’ The myocardial 
fibers operate against an increased initial ten- 


sion and are stretched beyond optimum initial 
length. 

The immediate postoperative dynamic 
changes are due to release of the mechanical 
constriction. The later changes are due to im- 
proved function, reversal of atrophy, return of 
blood volume to normal, normal tissue oxygena- 
tion, increased renal flow, and decreased venous 
pressure. Their gradual return depends upon 


YEARS 


Fig. 8. Serial changes in heart rate (H. R.), 
arteriovenous oxygen difference (A-V Diff.), cardiac 
index (C. I.), stroke volume (S. V.), and venous 


pressure (V. P.) in a patient following pericardiec- 
tomy (OP.). 


the restitution of cardiac muscle and function. 
Electrocardiographically, the early increase in 
voltage is due to removal of the insulating peri- 
cardial scar and disappearance of excess extra- 
cellular fiuid.* 


DIFFERENTIAL DIAGNOSIS 


While the clinical picture of chronic cardiac 
compression is clear-cut in the majority of 
patients, some errors are made when the clinical 
triad—so well emphasized by Beck*—is not 





* With subsequent recovery of the myocardium, 
there is further increase in voltage. 
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recognized. The diagnosis of Concato’s disease 
may lead to error unless the importance of the 
compressing pericardial scar is considered. 

The early occurrence of ascites may lead to 
the diagnosis of cirrhosis of the liver. The 
obvious increase in venous pressure in cardiac 
compression and the normal venous pressure 
in hepatic cirrhosis enables one to differentiate 
the two. Congestive heart failure due to con- 
genital heart disease, rheumatic heart disease, 
cor pulmonale, hypertensive and _arterio- 
sclerotic heart disease may simulate in some 
respects the picture of chronic cardiac com- 
pression. The moderate dyspnea, the small 
heart, and the very high venous pressure 
usually make the diagnosis of cardiac compres- 
sion clear-cut. The high venous pressure of 
congestive failure falls with diuresis while the 
venous pressure remains elevated constantly 
in cardiac compression. Chronic cor pulmonale 
(due to chronic pulmonary disease, pulmonary 
arteritis, or chronic pulmonary artery throm- 
bosis) may produce signs suggesting cardiac 
compression. Peritoneal metastasis may pro- 
duce ascites, but the normal venous pressure is 
of diagnostic importance. 

The heart is large and the circulation times 
are rapid in cases of beriberi heart disease. 
Thrombosis of the portal vein (in cirrhosis of 
the liver, malignant liver disease, cholangitis, 
pancreatitis, and subphrenic abscess) produces 
ascites, splenomegaly, abdominal pain, and 
hematemesis. The patient may survive for 
months or years with the development of col- 
lateral circulation. Occlusion of the hepatic 
veins in polycythemia vera, neoplasm, or cir- 
rhosis of the liver results in abdominal pain, 
nausea, vomiting, a tender rapidly enlarging 
liver and spleen, ascites, and collateral super- 
ficial abdominal veins. Thrombosis of the in- 
ferior vena cava results in sudden increase in 
the venous pressure of the lower extremities 
and edema. Rarely, metastases to the peri- 
‘ardium may cause the symptoms of chronic 
compression. 


SUMMARY AND CONCLUSIONS 


1. A critical pre- and postoperative study of 
61 cases operated for chronic cardiac compres- 
sion has been presented. 


2. In this series, the patients were predomi- 
nantly young men. The most common symp. 
toms, in order of frequency of occurrence, were 


dyspnea, ascites, edema, and orthopnea. 

3. The typical physical findings were venus 
distention, decreased precordial activity, «is- 
tant heart sounds, pleural fluid or thickened 
pleura, an enlarged liver, and ascites and or 
edema. 

4. The electrocardiographic findings were | ow 
voltage and primary T-wave changes. Thirty- 
one per cent of the cases had some type of 
arrhythmia. Broad, notched P waves were found 
in 42.6 per cent of the cases. 

5. Roentgenologic studies showed diminis!ied 
cardiac pulsations. The hearts were of normal 
size or slightly smaller. Pleural thickening and 
or fluid were present in 84.5 per cent. Peri- 
cardial calcification was demonstrated in 46 
per cent. 

6. In the cases having edema, 21.4 per cent 
had total serum proteins less than 5 Gm. per 
100 ce., and 37 per cent had serum albumin 
less than 3 Gm. per 100 ce. 

7. Circulatory studies showed elevated 
venous pressure, slight tachycardia, slight de- 
crease in pulse pressure, decreased vital capac- 
ity, prolonged circulation time, decreased stroke 
volume, increased blood volume, and normal or 
a slightly less than normal basal metabolic 
rate. 

8. The operative mortality was 18 per cent. 

9. A satisfactory result was obtained in 72.1 
per cent. The operative results in this series 
may be compared with those of other surgeons 
(table 1). Of a total of 415 operated cases, 
satisfactory results have been obtained in 258 
(62 per cent). 

10. Postoperatively all circulatory function 
tests tend to return to normal with the excep- 
tion of persistent primary T-wave changes. 

11. Tuberculosis was the cause of the com- 
pressive scar in 28.2 per cent. No etiologic agent 
could be demonstrated in 57.7 per cent of the 
cases. Rheumatic fever was not proved to be 
the cause in any of the cases. 

12. Follow-up studies indicate that the ma- 
jority of the patients return to full normal 
activity. 

13. The outcome was less favorable in tho-e 
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TaBLE 1.—Results of Pericardiectomy Collected from the Literature 


Total 


Authors Canis 


Cured 


& Stewart 
fotal of cases to 
11939)46 


ier 


He 


Results Mortality 
Un- 
certain 
(No Op. 
Change) 


Post- 
Op. 


Im- 


proved Late 


Etiology 


Tbe |Non-Tbe 


3 not followed. 6 late 
deaths; had 
proved postop. 


im- 





mieden (Wester- 
man) 194457 


Se 


8 late deaths; had im- 
proved postop. 





Blilock & Burwell 
141? 


Heuer & Stewart 
19468 


Harrington 1947!5 


of the 8 deaths had 
Tbe 


3 late deaths; had not 
improved postop. 





Mortensen 194835 


Andrews et al. 194837 


Paul et al. 1948" 


Lawrence et al. 194858 


Deaths in patients in 
poor 
tion 


preop. condi- 


1 postop. death, very 
ill preop. 


35 1 


of late deaths had 
improved postop. 








Holman & Willett 


194859... 





170 


patients who were cyanotic preoperatively or 
who had a preoperative diagnosis of tubercu- 


losis. 


\4. Physiologic factors involved in the pro- 
duction of the clinical picture of chronic car- 


dic compression are discussed. 
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Rheumatic Fever and Rheumatic Heart Disease 


A Twenty Year Report on 1000 Patients 
Followed Since Childhood 


By Epwarp F. Buanp, M. D., ano T. Duckerr Jones, M. D. 


Herewith is presented an interim report on a long-term study of 1000 patients followed since their 
childhood rheumatism. The dominant role of rheumatic recurrences and the fatal features are re- 
viewed. The benign nature of uncomplicated chorea is stressed, the disappearance of physical signs 
of heart disease in some patients is contrasted with the delayed and even remote appearance of 
valvular deformity in others, and finally, the favorable course to date in the majority of cases is 


emphasized. 


HE STUDY which forms the basis of 

this report was organized in 1928 (by 

T. D. J.) as a long-term project. It had 

for its purpose three main objectives: (1) to 
define within broad limits the course of rheu- 
matic fever, (2) to elucidate the evolution of 
rheumatic heart disease during its formative 
years, and (3) to appraise certain features of 
the disease bearing on prognosis. With these 
ends in mind it has been carried forward with- 
out interruption during the intervening years. 
The experience recorded herewith is based 
upon 3000 children and adolescents who have 
received protracted hospital care for rheumatic 
fever at the House of the Good Samaritan in 
Boston since 1921. In the present report we are 
concerned only with the original 1000 patients 
who entered the series between 1921 and 1931. 
At least 20 years have now elapsed for this 
entire group. During this interval they have 
been followed in special clinics organized for 
this purpose at the above institution and at the 
Massachusetts General Hospital. The majority 
were seen at six to 12 month intervals, but 
more often when ailing. Readmission to the 
hospital when possible was the general policy 
for recurrent rheumatic fever. The active co- 


From the House of the Good Samaritan and the 
Massachusetts General Hospital, Boston, Mass. 

Presented in summary at the First International 
Congress of Cardiology, Paris, September, 1950, 
and before the Twenty-fourth Annual Scientific 
Session of the American Heart Association, Atlantic 
City, N. J., June, 1951. 


operation of the cardiac clinics and social sevv- 
ice departments of the general hospitals in ‘he 
Boston area has been remarkable, as has that 
of the family physicians. All have rendered 
wholehearted support, and in its over-all im- 
plications this program has been truly a com- 
munity project. 

A series of studies on special aspects of rheu- 
matic fever and rheumatic heart disease based 
upon this material was presented between 1935 
and 1940. They emphasized some of the less 
well known features, including the clinical sig- 
nificance of chorea,' the disappearance of phys- 
ical signs of rheumatic heart disease,” the de- 
layed appearance of valvular disease,’ the 
development of pure mitral stenosis,‘ and fatal 
rheumatic fever.’ Finally, at the end of the 
first 10 years of the program an informal and 
tentative report of progress was made.** 
Since these earlier reports, another decade has 
passed and 20 years have now elapsed since the 
initial observations. We have been privileged, 
with the aid of numerous associates, to follow 
this group from childhood through adolescence 
into early adult life. Their cooperation and 
confidence through the years have made 


* Since this earlier report a few of the original 
group were replaced in sequence either because of 
reasonable doubt as to the rheumatic nature of their 
original illness or because they were beyond t! 
arbitrary limit of 20 vears at the time of onset estal- 
lished for the series; hence the slight discrepan 
between the earlier and the present figures beari 
on the first 10 vears. 
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issible this study and their contribution has 
en the basis of a better understanding of this 
sease. 

At the end of this 20 year interval it now 
ems appropriate to render a second interim 
“port, to summarize the major events of the 
-o decades, and to compare and contrast 
ese observations with the experience of 
hers elsewhere. 


COMPARABLE STUDIES 


As a background for comparison, the early 
opservations of Cary Coombs in England, 
begun before World War I and completed in 
|)22, represent perhaps the first serious at- 
tempt by long-term observation to assess the 
outcome of childhood rheumatism.’ The war 
years cut directly across his studies and 
rendered follow-up doubly difficult. However, 
of an initial group of 253 cases with cardiac 
involvement, he was able to trace 218 for the 
first year, 204 for five years, and 177 for 10 
years, with a mortality of 5.1, 11.2, and 21.4 
per cent respectively. He found 31 per cent 
recovered completely—a somewhat higher fig- 
ure than subsequent studies have revealed. 

Later studies by Ash in Philadelphia (1948) 
and Wilson in New York (1948) are notable 
and serve as a basis for comparison with our 
own experience in Boston. There has been a 
remarkably close agreement in the three series 
as to the outcome. In contrast to these care- 
fully followed childhood groups, adequate 
observations on the course of rheumatic heart 
disease in the older decades have been meager, 
and studies of fatalities rather than of sur- 
vivors have warped our perspective unfavor- 
ably; the notable series of Grant (1933) is the 
exception. 

Reporting from the Children’s Hospital in 
Philadelphia, where a register had been kept 
since 1922 of all patients treated for rheumatic 
fever, Ash assembled follow-up data for a full 
|) years on each of 537 children whose age at 
onset averaged 6.9 years.* At the end of this 
\() year interval, 24.4 per cent died of rheu- 
niatic infection, and 12 patients (2 per cent) 
ded of bacterial endocarditis. This study by 
Ash is commendable, since it is restricted to 


fully followed patients for the 10 year inter- 
val and eliminates the uncertainties of average 
figures and prediction tables. 

The studies of Wilson bearing upon prognosis 
date back to 1916. She (in association with 
Lubschez) recently reported on her 30 years’ 
experience with 1042 children observed be- 
tween 1916 and 1947.’ In contrast to Ash’s 
and to our own approach, she reports in terms 
of an “average” follow-up of 14.8 years and 
employs the “life table technic” of Reed and 
Merrill to predict the eventual outcome. In 
her series there were 226 deaths, of which 75.7 
per cent were due to rheumatic heart disease 
and 10.2 per cent to subacute bacterial en- 
docarditis (2.2 per cent for the entire group). 
The highest mortality occurred (as is to be 
expected) in the first year, with an increased 
risk at puberty. She estimated that an af- 
fected child has four chances out of five to 
survive 15 years after the onset of rheumatic 
fever, three out of four to survive 20 years, and 
two out of three to survive 30 years, with an 
over-all chance of one out of two to survive 
40 years. 

The most satisfactory data on the progress 
of rheumatic heart disease in the adult period 
have been assembled by Grant from the 
earlier observations of Lewis.'° The series 
consists of 1000 ex-soldiers with valvular 
heart disease, pensioned from the British 
Army after World War I, whose after-history 
for a 10 year period was followed by Grant and 
his associates (1933). This represents a slightly 
biased group, in that it concerned only men, 
and other nonrheumatic types of valvular 
heart disease also were included. However, it 
serves as a well studied sampling of rheumatic 
heart disease in the third and fourth decades. 
Pertinent data from Grant’s study rearranged 
for our purpose are summarized in table 1. 
It appears that in the decade from 30 to 40 
years of age the course of rheumatic heart 
disease is characterized by three approximately 
equal groups: (1) a third remains unchanged, 
(2) another third progresses, and (3) a final 
third succumbs. From this study Grant con- 
cluded that the outlook is not so bad as is 
generally thought. 





RHEUMATIC FEVER AND RHEUMATIC HEART DISEASE 


Tue PRESENT Data 


The present series consists of 1000 consecu- 
tive patients with.rheumatic fever, chorea, or 
rheumatic heart disease who were admitted 
to the House of the Good Samaritan between 
1921 and 1931. The average age at onset for 
the group was 8 years. Those beyond the age of 
20 years were excluded, since our aim was to 
establish a childhood group observed as near 
the onset of their illness as was possible to 
obtain. Actually, in 659 instances the data 
relative to the first attack were available from 
the House of the Good Samaritan admission; 
in 178 instances, from other hospitals; in 139 
instances, from family physicians; and in 29 
instances information concerning their earlier 
illness was obtainable only from the family. 


in 59 instances. The cause of death in the 301 
fatal cases is indicated in table 4. 

These data from the fatal cases support the 
experience of others as to the overwhelming 
role of rheumatic fever in the early decades 
A further appraisal of its more serious mani 
festations in terms of prognosis is shown ir 
table 5. 

A greatly enlarged heart or congestivi 
failure early in the disease exacted the highes' 
toll, with an 80 per cent mortality in 20 years 
mostly in the first decade. Pericarditis, sub 
cutaneous nodules, and acute arthritis oc 
cupied intermediate positions, with 63 per cent 
37 per cent, and 27 per cent mortality in the 
20 year period. In contrast, chorea character 
istically was associated with a benign form of 


TABLE 1.—The Course of Rheumatic Heart Disease in Adults 





Total Patients Number RHD Average Age 


1,000 477* 31 





* From tables VII, XII, and XVII 


There were 709 females and 291 males. The 
disproportion of girls over boys reflects the 
division of beds in the hospital rather than a 
predilection of the disease for females. The 
period of hospitalization varied from three 
to six months, not infrequently 12 months, and 
occasionally from one to two years. The severity 
of their illness represented a fair cross section 
of the disease as it existed in the Boston area 
in the 1920’s. and the diagnostic criteria out- 
lined by one of us (T. D. J.) have served as the 
basis for inclusion in the series."'! This is re- 
flected in the distribution of their rheumatic 
fever signs and symptoms, as shown in table 2. 

The original status of this group on discharge 
from the hospital compared with the status 
10 and 20 years later is shown in table 3. 

Almost a third have died in these two 
decades, and of these more than a third (112) 
succumbed in the first five years of their 
disease. A postmortem examination was made 


Ten Year Data—Grant, 1933 


an 


| 142 (30%) | 45 (9.4%) 


After History 


Uneventful Auricular Congestive | 
and | Fibrillation Failure Deaths 
Unchanged Developed Developed 


78 (16%) 166 (34%) 


the disease (12 per cent mortality). There 
exists, of course, much overlapping of this 
symptomatology. 

Those who begin their rheumatic career with 
considerable cardiac enlargement do poorly, 
and it is unusual for patients who survive 
adolescence with greatly enlarged hearts to 
attain the age of 30. This is in accord with 
Grant’s observations in adults. On the other 
hand, little or no cardiac enlargement early in 
the disease speaks for a higher degree of 
natural resistance, relative freedom from 
serious recurrences, and a longer life. 

The degree of disability and ultimate lon 
gevity are further influenced by the frequency, 
duration, and severity of recurrences. The last 
is by far the most significant factor. An esti- 
mate of the incidence of these recurrences is 
shown in table 6; they occurred in approxi- 
mately one in five during the first five years, 
one in 10 during the next five years, one in 20 
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‘ng the third five year interval, and much 
frequently in the final five year period. 
important to remember that during the 
r years of this tabulation the more sus- 
ble individuals had succumbed and the 
ivors were well into early adult life. These 
es are encouraging for the older age groups. 
ie occurrence of congestive heart failure 


\BLE 2.—Incidence of Symptoms and Signs of 
Rheumatic Fever 


1000 Patients 


REMNEE  oee Oe Chor ace n ast oe 
CRON 6 5. 
(Arthritis. ... 
Arthralgia. . . 
BORIC a 
Precordial Pain 
Pericardial Rub. ....... 
Abdominal Pain 
Subcutaneous Nodules. . 
tash 


TABLE 3.—Summary of Twenty Years’ 
Observation 


RHD DEAD 


Original Status (average ‘ 653 = 
age = 8 years) 

10 Years Later (average 32% 475 202 
age = 18 years) 

20 Years Later (average 319 380 301 
age = 28 years) 


| (3 lost) | (2 lost) 





RHD = rheumatic heart disease. 
PRHD = potential (no clinically detectable) 
rheumatic heart disease. 


during the first two decades of life is reliable 
evidence of active rheumatic infection, and 
even in older patients is highly suggestive of 
such infection. Circulatory failure in childhood 
is characterized by features often not en- 
countered in older patients.” It is primarily 
right-sided failure with enlargement of the 
liver, puffiness of the face, and unexpected gain 
i) weight (due to fluid retention). These signs 
a\pear usually in the order named. Pulmonary 
r les are seldom heard until the terminal stages 
«©: the illness. A high venous pressure is evident 


from the onset, and a remarkable shift in the 
electrical axis of the heart to the right is often 
recorded by electrocardiogram, coinciding with 
the predominant dilatation of the right ven- 
tricle. 

The incidence of bacterial endocarditis 
parallels remarkably its incidence in other 


TABLE 4. Cause of Death (301 Cases) 
20 Year Data 


Rheumatic Fever \ 231 (80%) 
231 (80% 


Congestive Failure J 

Subacute Bacterial Endocarditis. .. 26) 

Acute Bacterial Endocarditis. . 

Other Causes: 
Cerebral Embolism 3| 
Sudden and Unexpected. ........ 
Uncertain. 


. 30 (10%) 


Unrelated Disease or Accident.... 


TaBLE 5.—Prognosis 


Some Special Features 


20 Years 
(fatalities) 


10 Years 
(fatalities) 


Onset 
(no. cases) 


Greatly enlarged heart 

70 56 (80%) 7 (81%) 
Congestive failure 

207 148 (71%) 152 (80%) 
Pericarditis 

130 73 (56%) 7 (63%) 
Nodules 

88 34 (38%) 37 (43%) 
Arthritis 

410 91 (22%) 
Chorea 

518 49 (9.4%) 


109 (27%) 


63 (12%) 





series (table 7). All of the fatalities in our group 
antedated the penicillin era. Since then, six 
additional cases have been rescued, and none 
has been lost. It appears that the incidence of 
subacute bacterial endocarditis is slightly 
higher in the older age groups than in child- 
hood, as shown by our figure of 4.4 per cent 
for our later cases (second 10 years) and 
Grant’s 5.5 per cent for adults compared with 
2.3 per cent for our younger group (first 10 
years) and 3.7 per cent for Ash’s group. 
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Although three out of four patients with this 
complication can now be saved, further ir- 
reparable injury to the heart is often evident. 
In patients with free aortic regurgitation the 
outlook is less favorable. Prophylactic measures 
during dental extractions and nose and throat 
operations offer hope in preventing this uni- 
formly serious complication. 


EvouuTion oF RugeuMATIC HEART DISEASE 


Two decades of observation on this youthful 
group have provided an opportunity to study 


disappeared in 76 (11 per cent) instances, sind 
at the end of 20 years in 108 (16 per cent), 
In the majority this improvement consisted in 
the regression and ultimate disappearance of 
murmurs at the cardiac apex—a diast: ic 
rumble as well as a blowing systolic murr 
of grade 2 or greater intensity (classification 
Levine®)—and a return to normal wher 
vardiac enlargement was originally pres 
In an occasional instance a blowing diast |i 
murmur (slight aortic regurgitation) of gr 

1 to 2 intensity has been observed to i 


TABLE 6.—Alttacks of Rheumatic Fever and Chorea by Years 


Years from Onset 


Patients with R. 


10 il 12 13 14 15 


ee ..| 979*| 232 |216 |175 |111 |120 |130 |114 | 67 | 71 | 65 | 60 | 42 


Per Cent of Liv- 


ae... 98 23 | 3 5] 12113 | 16 
Average 


8 


* 21 patients had rheumatic heart disease without rheumatic fever when first seen. 


TaBLeE 7.—Bacterial Endocarditis 


Bacterial Endocarditis 
Cases of 


RHD 
10 years 20 years 


Grant (1933) 668 
Ash (1948) 318 


Bland and Jones 
(1951). 653 


38 (5.5%) 
12 (3.7%) 


15 (2.3%) + 21 (4.4%)* 


* On the basis of 475 patients with RHD for second 
decade. 


certain of the less well known features of 
rheumatic heart disease during the formative 
years. Of special interest have been the gradual 
disappearance of all signs of heart disease in a 
considerable number, and, in a comparable 
group, the insidious appearance of mitral 
stenosis after 15 to 20 years of good health 
without intervening signs of infection or 
heart disease. These two groups require further 
consideration. 

The Disappearance of Rheumatic Heart 
Disease. At the onset of our observations there 
were 653 patients with signs of well defined 
rheumatic heart disease. At the end of 10 
years the physical signs of valvular disease had 


TABLE 8. Disappearance of Rheumatic Heart Disease 


RHD PRHD 


20 years later 653 108 


appear. We suspect that minimal scarring 
persists in spite of the absence of murmurs or 
enlargement. Postmortem examination in one 
instance following accidental death supports 
this suspicion, as well as the insidious ap- 
pearance of mitral stenosis in a few patients 
10 to 20 years later. In no instance has an 
aortic diastolic murmur of grade 2 or greater 
intensity or the signs of established mitral 
stenosis disappeared. 

The Delayed Appearance of Rheumatic Heart 
Disease. The counterpart of the above group is 
represented by those who recovered unscarred 
from their original rheumatic fever (347 cases), 
but who in later years, insidiously and often 
without further recognizable rheumatic 
activity, developed signs of valvular damag«, 
most often ‘pure’ mitral stenosis. The in- 
cidence of this variant is shown in table ‘, 
where valvular disease was evident at the en: 
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of 10 years in 83 (24 per cent), and at the end 
of 20 years in 154 (44 per cent). The span of 
ou observations includes a number whose 
va'vular deformity has not become evident for 
from 15 to 20 years later. Chorea has been a 
prominent feature of their original illness. The 
‘chanism underlying this remote appearance 
leformed valves is not clear. In only one- 
‘d of this group was there clear evidence of 
curring rheumatic activity. It may be that 
iimally scarred valves (initially silent as far 
physical signs are concerned) provide a 
is for the occasional but repeated deposition 
‘platelet thrombi which-in turn through the 
rs become incorporated in the valve sub- 
ance resulting in an ultimately deformed and 
stenotie orifice. This possible mechanism needs 
further study. 


TaBie 9.—Delayed Appearance of Rheumatic 


Heart Disease 


PRHD 
20 vears later 347 


2/3 without R. F. 


The Subsequent Course of Mitral Regurgita- 
tion. The ultimate status of those patients who 
originally had only a grade 2 or greater systolic 
murmur at the cardiac apex is of some interest, 
especially in connection with the well known 
difficulties in properly assessing this physical 
sign. There were 87 patients in this category. 
Their subsequent course during the next two 
decades is shown in table 10. In approximately 
one third the murmur disappeared, in another 
it remained unchanged, and in the final third 
there has been a slow progression of physical 
signs with the acquisition of a diastolic murmur 
at the apex. The course of this group has been 
most benign in terms of disability and death. 

The Development of Pure Mitral Stenosis. 
‘ne signs of so-called pure mitral stenosis—a 
ale diastolic roll at the cardiac apex ending 

th crescendo in a sharp first sound, unac- 
‘ompanied by a systolic murmur—ultimately 

pear in a considerable number. It represents 
gradual evolution of their signs of mitral 
“ilve injury. The time element is variable in 


that some acquire a high degree of stenosis in 
five years, whereas others fail to do so in 50; 
the difference between the two usually is not 
apparent. This pattern of pure stenosis has 
evolved in 117 patients, but in only 12 has 
evidence of serious pulmonary hypertension 
appeared (acute pulmonary edema). The 
details are shown in table 11. In many of this 
group the first sign of valvular deformity was 
the delayed appearance of the diastolic murmur 
years after the original illness; in others the 
typical signs slowly evolved from pre-existing 
signs of valve injury. 


TABLE 10 
POST RHEUMATIC FEVER 


APICAL SYSTOLIC MURMURS 
(GRADE 2+) 


87 CASES 
20 YEARS LATER 


PRHD MR MR+S MS 
29 (33%) 35 (40%) 16 (/9%) 7 (8%) 


Dead 5 4 1iOo% 


(HGS 20 year series) 


TABLE 11. The Evolution of Mitral Stenosis 


: 
MR 


PRHD | MR and S MS 


Original status 42 64 


4 


Ten years later 17 7 53 
| 


40 (5 died) 


' 


| 

| 

Twenty years later | 
| 


juz (13 died) 


It is important to remember that even this 
pure form of mitral stenosis (by auscultation) 
need not always represent a high degree of 
actual narrowing of the orifice, and relatively 
slight degrees accompanied by little or no 
cardiac enlargement may be well borne for 
years without serious disability or apparent 
progression. Therefore the suggestion recently 
advanced that early valvulotomy under these 
circumstances might prevent the later develop- 
ment of higher degrees of obstruction and 
thereby protect the lungs seems too drastic. 
It might actually promote the undesirable 
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features it is designed to prevent, and hence for 
the present the considerable risk of surgery had 
best be reserved for those in actual need of relief. 

Aortic Valve Involvement. Involvement of 
the aortic valve manifested by a characteristic 
blowing diastolic murmur was present initially 
in 194 patients and appeared subsequently in 
179 others, so that during the 20 year period 
373 patients showed signs of aortic regurgita- 
tion (58 per cent of the 653 with rheumatic 
heart disease). In 27 instances the aortic 
diastolic murmur was the only evidence of 
‘ardiac involvement; in the remainder there 
were coexisting signs of mitral valve disease. 
In nine instances the diastolic murmur of 
slight aortic regurgitation disappeared during 
later years. Severe angina pectoris decubitus 
occurred in six patients; each had a high 
degree of aortic regurgitation with a diastolic 
blood pressure approaching zero. 

In 27 patients there occurred with the pas- 
sage of years an increase in the intensity of the 
aortic systolic murmur accompanying the 
characteristic diastolic murmur to a degree 
that indicated the development of a consider- 
able element of stenosis. In only two instances 
did uncomplicated aortic stenosis become 
established. First, by the age of 27 pre-existing 
mitral systolic and diastolic murmurs and an 
aortie diastolic murmur had completely dis- 
appeared in a young man, leaving a loud 
aortic systolic murmur and thrill as unequivocal 
evidence of pure aortic stenosis. Second, by the 
age of 25 in another male patient a slow 
evolution in physical signs with slight residual 
mitral regurgitation and a minimal degree of 
aortie stenosis has also occurred. It is evident, 
however, that pure aortic stenosis is infrequent 
under the age of 30. Collateral observations 
suggest that when such occurs it is often 
engrafted upon congenital bicuspid valves. 


ConcLUDING REMARKS 
At the end of 20 years 699 of the original 
1000 patients remain alive. Their average age 
is now 28, but a considerable number are in 
the fourth decade. The majority are remark- 
ably well. Their limitations are as follows: 
none-slight moderate marked lost 
555 133 6 5 
PRHD RHD 
316 239 


It is encouraging that three out of four of the 
survivors have little or no limitation; 76 
served in the armed forces in World War II ({8 
with rheumatic heart disease and 58 w 
potential rheumatic heart disease). Four hi 
dred and twenty-one children have been bo» 
to the female patients of the original gro: 
and the complications of pregnancy have b 
minimal. In the face of these favorable findi:.¢ 
we are in complete agreement with the str 
objections raised by Wilson and Lubsch 
to the discouraging estimate of Cohn a 
Lingg" that the mean duration from the on-e 
of rheumatic fever to death is only 13 yea 
The latter study, based on an analysis 


deaths alone, ignores the experience of tie 

survivors—a biased type of sampling where 

the prognosis depends on the poorest risks. 
Our patients are now well along in early 


adult life, and their progress is being followed 
with interest. The facts emerging from the 
adolescent period justify a more hopeful at- 
titude for the adults than generally prevails. 
Grant’s series covering the fourth decade is in 
accord with this conclusion.’ Furthermore, 
evidence is already accumulating that there 
has been an amelioration in the frequency and 
severity of rheumatic fever during the past 10 
years, and it is unlikely that this represents 
merely a cyclic abatement in the natural course 
of the disease. 

In conclusion, it is to be hoped that in the 
foreseeable future new and already promising 
measures for the prevention and arrest of 
rheumatic fever may render the data herewith 
reported obsolete but useful nevertheless as 
the record of a past and pitiful era in the evolu- 
tion of this devastating disease. 


SUMMARY AND CONCLUSIONS 


From a 20 year study of 1000 patients with 
rheumatic fever and/or chorea followed since 
childhood the major events of the two decades 
have been summarized and compared with 
the experience of others. 

On recovery from the initial illness, 655 
patients had signs of rheumatic heart disease. 
By the end of 20 years the signs of heart disease 
had disappeared in 108 (16 per cent). 

The remaining 347 patients recovered from 
their initial illness without detectable hea 
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disease (potential rheumatic heart disease). 
By the end of 20 years 154 (44 per cent) had 
ac juired signs of valvular disease. 

During the first 10 years 202 succumbed, 
aid by the end of the second 10 years 301 
h:d died. Rheumatic fever and congestive 
heart failure accounted for 80 per cent of the 
faialities, and bacterial endocarditis for an 
a iditional 10 per cent. 

A greatly enlarged heart or congestive failure 
early in the disease exacted the highest toll, 
with an 80 per cent mortality in 20 years. 
Pericarditis, subcutaneous nodules, and acute 
arthritis occupied intermediate positions, with 
63, 37, and 27 per cent mortality, respectively, 
in two decades. In contrast, chorea was as- 
sociated characteristically with a benign form 
of the disease (12 per cent mortality). 

Recurrences of rheumatic fever or chorea 
occurred in approximately one in five during 
the first five years, one in 10 during the next 
five years, one in 20 during the third five year 
interval, and much less frequently in the final 
five year period. 

A pure form of mitral stenosis evolved in 117 


patients, but in only 12 has evidence of serious 
pulmonary hypertension appeared (acute pul- 
monary edema). 

It is encouraging that three out of four of the 
699 survivors have little or no limitation. 
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Clinical Experiences with 4-Hydroxycoumarin 
Anticoagulant No. 63 and the Antagonistic 
Effect of Menadione and Vitamin K, 


By Hue H. Hanson, M.D., Netson W. Barker, M. D., anpb Frank D. Mann, M.D. 


The successful use of dicumarol in the prevention of intravascular thrombosis and subsequent 
embolism has led to the investigation of other coumarin compounds as therapeutic anticoagulants. 
4-Hydroxycoumarin anticoagulant No. 63 is such a compound. Like dicumarol, it induces hypo- 
prothrombinemia and daily tests of prothrombin time are necessary as a guide to dosage. Our 
experience indicates that a less fluctuating and somewhat more consistent therapeutic hypopro- 
thrombinemia can be established and maintained with anticoagulant No. 63 than with dicumarol. 
The potential disadvantage of the prolonged hypoprothrombinemia after administration is stopped 
is counterbalanced by the strong and relatively rapid antagonistic effect of vitamin K). 


HE first synthesis of 4-hydroxycoumarin 

anticoagulant No. 63  (2-methyl-2- 

methoxy-4-pheny]-5-oxodihydropyrano- 
[3, 2-c] [1] benzopyran) was by Dr. Ikawa in 
the laboratory of Professor Karl Paul Link 
(fig. 1).! Battle, Capps, Orth and Meyer? have 
reported the results of experimental studies 
on animals and human beings with this anti- 
coagulant and stated that prior observations 
on its action in animals were made by Scheel. 
The essential action of 4-hydroxycoumarin 
anticoagulant No. 63 is the induction of hypo- 
prothrombinemia as indicated by prolongation 
of the one stage prothrombin time, this action 
being similar to that of dicumarol (bishy- 
droxycoumarin) to which it is chemically 
related. Previous studies indicate that 4-hy- 
droxycoumarin anticoagulant No. 63. is less 
soluble than dicumarol and is approximately 
two to three times more potent in inducing 
hypoprothrombinemia on the basis of milli- 
grams per kilogram of body weight. The studies 
on animals have indicated that when severe 
degrees of hypoprothrombinemia were induced 
and maintained with 4-hydroxycoumarin anti- 
coagulant No. 63, mortality rates were lower 


From the Mayo Foundation and Mayo Clinic, 
Rochester, Minn. 

This paper is an abridgment, with additions, of a 
thesis submitted by Dr. Hanson to the Faculty of the 
Graduate School of the University of Minnesota in 
partial fulfillment of the requirements for the degree 
of Master of Science in Medicine. 


and bleeding occurred less frequently than 
when comparable degrees of hypoprothrom- 
binemia were induced and maintained by i- 
cumarol. In their study of 15 patients who 
received 4-hydroxycoumarin anticoagulant No. 
63, Battle and co-workers? stated that an op- 
timal effect could be established within 24 to 
48 hours after an original dose of 2 mg. per 
Kg. of body weight and maintained by doses 
of 0.5 to 1.0 mg. per Kg. given at intervals 
of one to four days. It also appeared that the 
effect of 4-hydroxycoumarin anticoagulant 
No. 63 was more sustained after administration 
of the drug was stopped than was the effect 
of dicumarol. Rotter and Meyer’ stated that 
menadione sodium bisulfite was not effective 
in accelerating the return of the prothrombin 
time to normal after it had been lengthened 
by 4-hydroxycoumarin anticoagulant No. 63, 
but that vitamin Kk, in doses of 250 mg. was 
effective in this regard. 


THe ANTICOAGULANT ACTION OF 4-HyDROXY- 
COUMARIN ANTICOAGULANT No. 63 


We have studied the effects of 4-hydroxy- 
coumarin anticoagulant No. 63* on 100 pa- 
tients. The anticoagulant effect of the drug was 
measured by the one-stage test of prothrom- 
bin time, and in this paper the term “hypo- 
prothrombinemia” is used to indicate the co- 


* BL-5 supplied through the courtesy of the Abbott 
Laboratories. Hereafter this drug will be referred to 
as anticoagulant No. 63. 
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sgulation defect measured by this test. The 
tests were done on undiluted plasma by the 
criginal Quick one stage method using a system 
«f controls developed for the purpose of re- 
; roducibility of results and employing a saline 
«xtract of dried rabbit brain as the thrombo- 
) lastin.* With this technic and thromboplastin, 
rormal prothrombin times for hospital patients 
are considered to be 18 to 20 seconds. Pro- 
thrombin times of 30 per cent, 20 per cent and 
\) per cent dilutions of normal plasma are 27 
<conds, 35 seconds and 58 seconds respectively. 
‘he therapeutic range of hypoprothrombin- 


CH3 O—CH3 
as 


Cc. 
of Notte 


ies, and attempts were not made to sustain the 
anticoagulant effect. In 69 patients the drug 
was used in place of dicumarol for sustained 
anticoagulant therapy for varying periods. In 
this group the reasons for anticoagulant ther- 
apy were as follows: acute peripheral arterial 
occlusion, eight patients; acute myocardial 
infarction, 12 patients; acute thrombophlebitis, 
20 patients; pulmonary embolism, six patients, 
and prophylaxis against postoperative throm- 
bosis, 23 patients. None of these patients had 
clinical evidence of hepatic insufficiency when 
treatment was started and determinations of 


4-hydroxycoumarin anticoagulant No. 63 
(2- methy1-2-methoxy - 4- pheny1- 5 -oxodihydropyrano- 
(3,2-c) (1) benzopyran) 


™ 
C—CH3 
i 


P ie CHaCH—=C(CH2.CHa.CH2C)<—CHs 
i CHs CHs 
0 
Vitamin K, 
(@-methy1-3- phytyl -1, 4-naphthoquinone) 


Ne -cis 
| *3H20 
CH 
Aon 
S0;Na 
Menadione sodium bisulfite 
(e- methy1-1, 4-naphthoquinone- 
3-sodium sulfonate) 


Fig. 1. Structural formulas of 4-hydroxycoumarin anticoagulant No. 63, vitamin K,, and mena- 


dione sodium bisulfite. 


emia induced and maintained by the 4-hy- 
droxycoumarin compounds is considered to be 
that indicated by prothrombin times between 
27 and 58 seconds.’ Prothrombin time tests 
were done at daily intervals with a few excep- 
tions and more frequently on some of the pa- 
tients who received vitamin K,. Anticoagulant 
No. 63 was administered in the form of com- 
pressed tablets, each containing 25 mg. of the 
lrug, and the entire amount given on any 
varticular day was given in a single dose. 
Thirty-one patients, all of whom had either 
irteriosclerosis obliterans, thromboangiitis ob- 
iterans or chronic venous insufficiency of the 
‘xtremities, received the drug for special stud- 


blood urea gave results within normal limits 
in all when treatment was started. The usual 
dosage schedule was as follows: 100 to 150 mg. 
were given on the first day and 25 to 50 mg. on 
the second day; subsequent daily doses of 25 
to 50 mg. were given on those days when they 
were considered to be indicated. As has been 
noted in experiences with dicumarol and ethyl 
biscoumacetate (Tromexan), responses of the 
prothrombin time to anticoagulant No. 63 
varied considerably among different patients 
and could not be predicted in advance; hence 
in order to maintain the hypoprothrombinemia 
within the therapeutic range it was necessary 
to individualize the amount and frequency of 
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the daily doses for each patient on the basis 
of the response to the original and subsequent 
doses (fig. 2). Usually, daily doses were given 
until the prothrombin time was greater than 
35 seconds. Subsequently, if the prothrombin 
time was within the therapeutic range, doses 
were usually given only on those days when 
the prothrombin time was less than that of 
the previous day and were omitted on those 
days when it was greater than that of the pre- 
vious day, particularly in relatively sensitive 
patients. In more resistant patients a satisfac- 


activity were followed daily after the last dose 
of anticoagulant No. 63 had been given unti! 
normal prothrombin times were noted. The 
duration of the hypoprothrombinemia after th: 
last dose of the anticoagulant was five days i: 
four patients, six days in four patients, seve 
days in five patients, nine days in four patient; 
and 10 to 14 days in five patients. The ay- 
erage duration for the entire [group was eigh 
days. These observations confirm previou 
studies both in animals and human being; 
that, after administration of the drug: is di 
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Fic. 2. Varying responses of three different patients to anticoagulant No. 63; the prothrombin 
time of each returned to normal rapidly after administration of vitamin K). 


tory hypoprothrombinemia usually could be 
maintained by a daily dose of 25 to 75 mg. with 
only occasional omissions and occasional in- 
creases of the dose. 

The prothrombin time was in the therapeutic 
range in 24 hours after administration of the 
first dose of anticoagulant No. 63 in five of the 
100 patients, in 48 hours in 80, in 72 hours in 
11 and in 96 hours in four. Thus the usual 
response was a prothrombin time still below 
the therapeutic range at the end of 24 hours 
but within the therapeutic range at 48 hours. 

The prothrombin times of 22 patients who 
were not given a preparation having vitamin K 


continued, the hypoprothrombinemia induced 
by anticoagulant No. 63 persists for a definitely 
longer period than that induced by dicumarol. 

Among the 69 patients who received anti- 
coagulant No. 63 for sustained therapy the 
duration of treatment was as follows: one to 
two weeks, 49 patients; two to three weeks, nine 
patients; three to four weeks, three patients; 
four to five weeks, three patients; five to six 
weeks, five patients. Excessive hypoprothrom- 
binemia as indicated by prolongation of the 
prothrombin time to levels above those of the 
therapeutic range developed in 22 patients, 
usually on the fourth or fifth day of treatment. 
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The prothrombin time fell below the thera- 
peutic range during treatment in only four pa- 
tients. 

Four patients died during treatment with 
inticoagulant No. 63. The cause of death in all 
vas myocardial infarction of severe degree, 
vhich was present when treatment was begun. 
The myocardial infarction of three of these 
patients was recent and that of one patient was 
iid. At necropsy no evidence of bleeding was 
found in three but in the fourth there was 300 
‘e. of bloody fluid in the pericardial sac. This 
patient had an extensive degenerating myo- 
-ardial infarct and it is unlikely that the bleed- 
ng contributed to the patient’s death. No 
evidence of intracardiac or peripheral vascular 
thrombosis was found at necropsy in any of 
the four patients who died. 

Clinical evidence of minor bleeding was 
found during treatment in only four of the 
entire series of patients who received anticoagu- 
lant No. 63, as follows: ecchymosis in the skin 
of an ischemic extremity in two, hemoptysis 
without objective evidence of pulmonary lesion 
in one, epistaxis and slight vaginal bleeding 
in one who had had recent total abdominal 
hysterectomy. In two of these four patients 
the prothrombin time was within the thera- 
peutic range and in the other two it was defi- 
nitely above the therapeutic range when bleed- 
ing occurred. Major bleeding from the vagina 
developed in one patient after six days of treat- 
ment. This patient had undergone vaginal 
hysterectomy two weeks previously, and anti- 
coagulant therapy was employed because of 
thrombosis of the external jugular vein. The 
bleeding developed while the prothrombin time 
was within the therapeutic range and stopped 
when the hypoprothrombinemia was corrected. 
One patient had urticaria shortly after the 
first dose of anticoagulant No. 63 had been 
given; however, this subsided and did not re- 
appear despite the fact that anticoagulant 
therapy was continued without interruption. 
No other untoward effects were noted in any 
of the 100 patients who received anticoagulant 
No. 63. No clinical evidence of fresh thrombosis 
or embolism was noted in any of the patients 
during the period of treatment with anti- 
coagulant No. 63. 


- Anticoagulant No. 63 induced adequate 
hypoprothrombinemia within 48 hours after 
the first dose had been given, and there was no 
difficulty in maintaining the hypoprothrom- 
binemia within the therapeutic range with this 
anticoagulant in five patients who had been 
found to be very resistant to dicumarol. In 
this group of patients the use of dicumarol in 
fairly large doses had failed to prolong the 
prothrombin time into the therapeutic range. 


THE ANTAGONISTIC EFFEcts OF VITAMIN K, 
AND MENADIONE Sopium BISULFITE 


Because of the observation that the hypo- 
prothrombinemia induced by anticoagulant 
No. 63 tends to persist for a number of days 
after the last dose of the drug has been given, 
some means for reversing this hypoprothrom- 
binemia as rapidly as possible seemed highly 
desirable. For this purpose studies were made 
of the antagonistic effects of menadione sodium 
bisulfite and vitamin K,.*° The following 
studies were made on each of 10 patients. 
First, as a control study, therapeutic hypo- 
prothrombinemia was induced by anticoagulant 
No. 63. The administration of the drug was 
stopped and the period required for the pro- 
thrombin time to return to normal was de- 
termined. After the prothrombin time had been 
normal on two consecutive days, identical 
doses of anticoagulant No. 63 were adminis- 
tered on days corresponding to the days of 
administration in the control study. After the 
last dose had been given, and during the period 
of induced therapeutic hypoprothrombinemia, 
72 mg. of menadione sodium bisulfite was given 
intravenously and the period required for the 
prothrombin time to return to normal was 
determined. Anticoagulant No. 63 was ad- 
ministered a third time in doses identical to 
those in the control study and on correspond- 
ing days. Then 500 mg. of vitamin K, was 
given orally on the day corresponding to the 
day that menadione sodium bisulfite had been 
given during the previous period of study and 
the time required for the prothrombin time 
to return to normal was determined. In differ- 
ent subjects, different days after administration 
of the first dose of anticoagulant No. 63 were 
selected for administration of the antagonist, 
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depending on the response of the prothrombin 
time during the control study. The days 
selected usually corresponded to the days fol- 
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Fic. 3. Comparison of effects of 72 mg. of menadione sodium bisulfite given intravenously and 
500 mg. of vitamin K, given orally on the hypoprothrombinemia induced by anticoagulant No. 


63 in the same subject. 


TaBLE 1.—Comparison of the Recovery Periods 
from Hypoprothrombinemia Induced by Anticoag- 
ulant No. 63: during the Control Study, after Intrave- 
nous Administration of 72 Mg. of Menadione Sodium 
Bisulfite, and after Oral Administration of 500 Mg. 
of Vitamin K;,. 


Time required* for prothrombin time to: 


Fall to, or below, lower 
limit of therapeutic range 
(27 seconds), hours 


Return to normal, days 


After 
mena- 
dione 
sodium 
bisulfite 


After 

mena- After 

dione j|vitamin Control 
sodium Ki 
bisulfite 


After 
vitamin 
Ki 


Control 


192 
120 
72 
48 
168 
72 


72 


120 
72 
120 


168 
96 
48 
24 

120 
48 
24 
24 
48 


or me © < 


> OID tp ew 


Average 105.6 
Average de- 
crease in 
covery period. 1 


re- 


2 4.7 36 


96 


* Each recovery period starts at the same inter- 
val of time after the administration of anticoagulant 
No. 63 was begun. 


control study. This method of study is illus- 
trated in figure 3. 

The results obtained are shown in table |. 
Menadione sodium bisulfite decreased the 
recovery period, over that of the control, by 
zero to four days with an average of one and 
two-tenths days. It also decreased the duration 
of the period which elapsed before the pro- 
thrombin time fell to the lower limit of the 
therapeutic range (27 seconds or below) by an 
average of one and one-half days. Vitamin Kk, 
reduced the recovery period to one day for all 
except one patient who required three days; 
thus decreasing the recovery period, over that 
of the control, by an average of four and seven- 
tenths days. Vitamin K, caused the prothrom- 
bin time to fall to the lower limit of the thera- 
peutic range or below within eight hours after 
administration in nine cases, and within 24 
hours in all cases. 

The molecular weight of vitamin K, 
(2-methyl-3-phytyl-1,4-naphthoquinone) is 1.6 
times that of menadione sodium _ bisulfite 
(2-methyl-1,4-naphthoquinone-3-sodium sulfon 
ate); hence, from the standpoint of molecu- 
lar weights the doses used (72 mg. of menadione 
sodium bisulfite and 500 mg. of vitamin K,) 
are not comparable (fig. 1). These doses were 
selected because they have previously been 
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considered the maximal effective doses for 
eich of these compounds when used to counter- 
act the hypoprothrombinemia induced by 
dicumarol. Since the dose of vitamin K, was 
500 mg. and it was given orally, 500 mg. of 
rienadione bisulfite was administered orally 
t» each of three patients who had hypopro- 
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patients who required varying amounts of the 
drug to induce and maintain a therapeutic 
hypoprothrombinemia (total amount varying 
from 150 to 850 mg.) and to patients with the 
prothrombin times at various levels (32 to 
102 seconds). In four patients the prothrom- 
bin time was significantly prolonged beyond 


TABLE 2.—Effects of Doses of Equal Weight of Menadione Bisulfite and Vitamin K, and of Menadione Sodium 
Lisulfite and Vitamin K, Administered by the Same Route on Paired Patients Who Had Comparable Degrees of 


l'ypoprothrombinemia Induced by Anticoagulant No. 63. 


Dose, mg. 


| 
| 
| Antagonist 
| 


Menadione bisulfite 


Vitamin K, 


Menadione sodium bisul- 
fite 
13 | Vitamin K, 


About 72 


thrombinemia induced by anticoagulant No. 
63. Four days were required for the prothrom- 
bin: time to return to normal in two of these 
patients and seven days in the third. In table 2 
it is shown that in paired patients with com- 
parable degrees of hypoprothrombinemia given 
identical doses in milligrams of the two antago- 
nists by the same route of administration, the 
effect of vitamin K, was considerably more 
rapid than that of menadione bisulfite. 

In order to test further the effectiveness of 
vitamin K, in correcting a sustained hypopro- 
thrombinemia induced and maintained by anti- 
coagulant No. 63, 26 of the patients who had 
been receiving this drug for varying periods 
were given 500 mg. of vitamin K, orally when 
it became desirable to terminate the antico- 
agulant therapy. It was felt that the total 
amount of the drug which the patient had 
received and the duration of the hypopro- 
thrombinemia, as well as the length of the pro- 
thrombin time, at the time when vitamin K, 
Was given, might in“uence the response. Hence, 
vitamin K, was given at different times from 
3 to 14 days (figs. 2 and 4) after treatment with 
anticoagulant No. 63 has been initiated, to 


| Oral 


Prothrombin time in seconds 


When 
| antagonist ad- 
ministered 


| At intervals after administration 


Route given 
& of antagonist 


| 24 hr. | 48 hr. 


26 


| ahr. | 8 hr. 


41 


41 


27 


Oral 


32 21 


Intravenous 46 26 


31 


Intravenous 20 





Vitamin K, 
500 mg orally 


Prothrombin t1me 


Ant tcoagusunt 


No. 63 


S 6 7 8&8 9 10 12 13 14 15 16 
Days 


Fig. 4. Relatively constant hypoprothrombinemia, 
within the therapeutic range, maintained for 14 days 
by infrequent doses of anticoagulant No. 63 and then 
terminated rapidly after administration of vitamin 
Ki. 


the upper limit of the therapeutic range when 
vitamin K, was given. In three patients this 
excessive prolongation of the prothrombin time 
occurred after the usual therapeutic doses of 
anticoagulant No. 63, and in one the pro- 
thrombin time was deliberately forced beyond 
the therapeutic range by large doses of anti- 
coagulant No. 63. 
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A summary of the results observed in this 
series of 26 patients is shown in table 3. Eight 
hours after the administration of vitamin Ky, 
the prothrombin time had dropped significantly 
in all but two patients. It was at or below the 
lower limit of the therapeutic range (27 seconds 
or_less, corresponding to 30 per cent or more 


TaBLe 3.—Effect of 500 Mg. of Vitamin K, Ad- 
ministered Orally on Hypoprothrombinemia Induced 
and Maintained with Anticoagulant No. 63. 


Anticoagulant 


> > . ; . 
2 ) 4 se ‘ 
No. 63 given Prothrombin time in seconds 


Case When At intervals after administration 
Tot: eesint of vitamin K 
Days Total vitamin 1 
mg. | Ki was 
given 4hr. | 8hr. | 24 hr. | 48 hr. | 72 hr. 


14 3 | 225 60 41 24 | 21 19 
15 4 200 38 37 29 | 23 21 | 20 
16 4 175 59 50 45 | 22 20 | 19 
17 5 | 275 42 45 37 | 24 22 | 20 
18 5 | 225 45 45 | 45 | 42* | 29 | 22 
19 5 150 95 70 | 24! 21 21 
20 6 | 225 102. 103) 10328 28 | 37T 
21 7 175 56 30 | 25 | 22 20 
22 7 350 61 55 = 30 |:19 18 
23 7 250 55 38 | 24 | 22 21 | 21 
24 8 500 33 31 26 | 20 20 
25 8 400 44 43 26 | 18 18 
26 8 | 250 32 25 | 23 | 21 19 
27 9 | 575 50 46 | 21 | 20 20 
28 9 | 575 89 58 | 50 | 24 20 | 20 


29 9 475 37 33 25 

30 10 525 45 40 22 | 20 18 

31 10 425 35 27 26 | 24 22 | 20 
32 10 850 51 39 30 | 25 23 | 20 
33 10. 300 56 35 | 26 | 21 20 
34 11 175 43 38 | 24 | 20 19 
35 | 11 | 375 49 45 | 26 | 22 20 

36 12 550 44 37 27 | 21 20 
37 | 12 | 200 90 | 80) 27 | 22 21 | 21 
12 14 350 41 32 22 | 21 20 
38 15 550 47 39 27 | 26 20 

* Poor response to vitamin K,. 

+ Rebound of prothrombin time which responded 

to a second dose of vitamin K,. 


prothrombin activity) in 18 patients (69.2 per 
cent). Twenty-four hours after the administra- 
tion of vitamin K, the prothrombin time of 23 
patients (88.5 per cent) was 24 seconds or less 
and in seven (26.9 per cent) of these it was 
normal. Forty-eight hours after the administra- 
tion of vitamin K, the prothrombin time was 
normal in 17 patients (65.4 per cent). Only one 
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patient failed to show a significant reductio: 
in the prothrombin time 24 hours following 
the administration of vitamin Ky, and a r- 
bound phenomenon was noted in another p:- 
tient. 


TaBLe 4.—Effect of Smaller Oral Doses of Vitam'n 
K, on the Hypoprothrombinemia Induced by An’i- 
coagulant No. 68. 


Anticoagu- 
lant No. 63 Prothrombin time in seconds 
given 
Case _— . At intervals after admin s- 
oe »ms- | When tration of vitamin K; 
is Total vitamin 
’ a Ki was 


te 4|8| 2 | 48 
given 
” hr.| hr.| hr. | hr. | h 


37 4 200, 250 134 110 81 74 


72 | 9 
39 9 225) 250 37 —| 24) 23 | 21 
40 5 250 100 45 | 36 21 20 20 
41 5 450 100 46 —) 26) 22 | 20 
13 | 20 |1,025) 100 64 —| 28) 20 | 20 
11 6 425, 50 54 —| 34; 20 | — 
42 9 650 50 Sl —| 34) 21 | 20 
42 9 | 850 0 46 —| 26} 20 | 20 


TABLE 5.—Effect of 72 My. of Menadione Sodium 
Bisulfite Administered Intravenously on Prothrombin 
Times Prolonged beyond the Therapeutic Range by 
Anticoagulant No. 63. 


Anticoagulant 


. ee ; 
y ° € P seconds 
No. 63 eiven Prothrombin time in seconds 


saad “ When mena- | “Syration of menadione 
Days — re regan sodium bisulfite 

oon 24hr. | 48 hr. | 72 hr. 
43 3 150 81 42 39 —_ 
34 9 175 101 41 43 _ 
37 7 200 91 53 39 65 
39 3 225 124 72 85 102 
2 5 250 72 43 41 36 
13 5 250 95 64 62 47 
44 5 175 98 37 41 36 
45 3 200 89 63 73 sc 
46 10 250 8S 40 34 32 





Smaller doses of vitamin K, more nearly 
comparable on a molecular basis to the doses 
of menadione sodium bisulfite (72 mg.) were 
administered orally to eight patients with 
varying degrees of hypoprothrombinemia re- 
sulting from treatment with anticoagulant No. 
63. The results obtained are shown in table 4. 


With one exception (case 39), all of these 
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patients had prothrombin times of 23 seconds 
or less 24 hours after administration of vita- 
a Ki. 
‘itamin K, was administered intravenously 
four patients who had therapeutic hypo- 
‘othrombinemia which had been induced and 
intained by anticoagulant No. 63. It was 
pared for intravenous administration by 
i-solving 500 mg. in 10 ec. of absolute al- 
cool and adding this solution to 500 cc. of 
sterile 5 per cent solution of glucose. The re- 
su'ting liquid was an emulsion, and the amount 
which was administered is approximate since 


nine patients, there was a reduction in the pro- 
thrombin time 24 hours following the ad- 
ministration of menadione sodium bisulfite, and 
a return to within the therapeutic range in six 
patients, but in none did the prothrombin time 
fall to less than 37 seconds. Forty-eight hours 
after the administration of menadione sodium 
bisulfite, the prothrombin time was found to 
have increased again in four of the nine pa- 
tients, despite the fact that anticoagulant No. 
63 was not administered during this period. 

Refractoriness was noted after 500 mg. of 
vitamin K; had been administered to two pa- 





Vitamin K, 


- J sco 1 
m ora 
65 1500 mg orally 


Prothromsin time in seconds 





» 
s 
3 
Ky 
9 
& 
3 
8 
x 


No. 63 


; 


Vitamin K, 
Vitamin K, 300 mg. iv. 
500 mg. orally f 








6 10 12 44 1% 18 O 2 4 6 & 10 12 14 16 


Days 


Fia. 5. Left: Failure of reinduction of hypoprothrombinemia by the same dose of anticoagulant 
No. 63 administered nine days after 500 mg. of vitamin K, was given orally. Right: Successful but 
delayed reinduction of hypoprothrombinemia after vitamin K, had been given by increasing the 


dose of anticoagulant No. 63. 


some of the emulsified drug adheres to the flask 
and tubing. The results obtained by the intra- 
venous administration of vitamin K, were much 
the same as those observed for patients who 
received vitamin K, orally; however, there 
appeared to be a slightly more consistent and 
greater fall in the prothrombin time at the end 
of four hours when vitamin K, was adminis- 
tered intravenously than when it was given 
orally. 

Nine patients with hypoprothrombinemia 
resulting from therapy with anticoagulant No. 
(3, who had prothrombin times prolonged 
‘eyond the therapeutic range (considerably 

ynger than 58 seconds), were given 72 mg. of 
nenadione sodium bisulfite intravenously. The 
‘sults are shown in table 5. In this series of 


tients who had been treated with anticoagu- 
lant No. 63. After their prothrombin times had 
returned to normal, they were given doses of 
the anticoagulant identical with those which 
had induced hypoprothrombinemia previously. 
These doses had no effect whatsoever on the 
patients’ prothrombin times. This refractori- 
ness to the usual induction doses of anticoagu- 
lant No. 63 was noted as long as 12 and 14 
days after administration of vitamin K,. Sub- 
sequently each of four patients with hypopro- 
thrombinemia induced by anticoagulant No. 
63 was given vitamin K, in doses of 50 to 500 
mg. and, beginning 8 to 24 hours later, re- 
induction of hypoprothrombinemia was at- 
tempted. This was accomplished in two to four 
days in all four patients by giving two or three 
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times the usual induction doses of anticoagu- 
lant No. 63 during this period (fig. 5). Once 
reinduction of therapeutic hypoprothrombin- 
emia was effected, the maintenance dose of 
anticoagulant No. 63 remained the same as 
that prior to the administration of vitamin K,. 

No untoward symptoms or toxic manifesta- 
tions were noted after oral or intravenous 
administration of vitamin K,. The same was 
true for menadione sodium bisulfite given 
intravenously and menadione bisulfite given 
orally. 


SUMMARY 


Our studies indicate that 4-hydroxycou- 
marin anticoagulant No. 63 is a satisfactory 
anticoagulant for clinical use. The action of 
this drug is similar to dicumarol and for this 
reason contraindications to, and cautions re- 
garding, the use of anticoagulant No. 63 are 
the same as those for dicumarol. As with di- 
cumarol, there are great variations in the re- 
sponse of different patients to fixed doses of 
anticoagulant No. 63 and the drug should not 
be used unless its effects can be followed by 
daily tests of the prothrombin time. 

The doses of drug for induction of thera- 
peutic hypoprothrombinemia are roughly one- 
third to one-half the amounts in milligrams of 
the doses of dicumarol used for the same pur- 
poses. Dosages required to maintain hypopro- 
thrombinemia within the therapeutic range are 
also one-third to one-half those of dicumarol 
and may be given less frequently. Anticoagu- 
lant No. 63 appears to be somewhat more de- 
pendable than dicumarol for the induction of 
therapeutic hypoprothrombinemia although 
whether or not it acts more rapidly is question- 
able. Some patients who have been highly 
resistant to dicumarol have responded satis- 
factorily to anticoagulant No. 63. In our 
experience, maintenance of therapeutic hypo- 
prothrombinemia without marked fluctuations 
of the prothrombin time seems to be accom- 
plished a little more easily when anticoagulant 
No. 63 is used than when dicumarol is used. 
Following cessation of administration of anti- 
coagulant No. 63, hypoprothrombinemia per- 
sists for a longer time (average eight days) 











than after cessation of the administration of 
dicumarol. 

Menadione sodium bisulfite in doses of 72 
mg. appears to be effective in some instances 
in reducing to the therapeutic range a pro- 
thrombin time which is excessively prolong: 
by anticoagulant No. 63. This is especially 
true of patients who are hypersensitive to this 
anticoagulant. However, menadione sodium 
bisulfite has only a slight effect in accelerati:.g 
the return of the prothrombin time from tle 
therapeutic range to normal after it has becn 
prolonged by anticoagulant No. 63. Vitamin 
KX; in 500 mg. doses, given either orally or 
intravenously, is effective in almost all cas:s 
in greatly accelerating the return of the pro 
thrombin time to normal after it has been 
prolonged by anticoagulant No. 63. The return 
to normal or near normal levels almost always 
occurs within twenty-four hours. Following 
the use of vitamin K, patients are somewhat 
refractory to anticoagulant No. 63. The poten- 
tial antagonistic action of vitamin K, counter- 
balances the disadvantage of the prolonged 
duration of hypoprothrombinemia after ad- 
ministration of anticoagulant No. 63 is dis- 
continued. Although the number of patients 
studied is too small to permit us to formulate 
definite conclusions, it is probable that if the 
degrees of therapeutic hypoprothrombinemia 
induced and maintained by anticoagulant No. 
63 are comparable to those induced and main- 
tained by dicumarol, anticoagulant No. 63 will 
be as effective in preventing thrombosis as 
dicumarol, and its use will be attended with 
approximately the same risk of bleeding. 
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The Pharmacologic Action of Thevetoidin, 
a Cardioactive Substance Obtained from a 
Mexican Species of Thevetia 


By Raraet Ménpez, M.D., Ernesto Sopi-Pauuares, M.D., AnD ARMANDO Nava, M.D. 


Thevetoidin is a digitalis-like substance isolated from a Mexican species of thevetia. Study of 
its action on the isolated frog heart, on the anesthetized dog, and on the failing heart of the 
heart-lung preparation reveals therapeutic and toxic effects of unmistakable digitalis-like 
character which are quickly established and wear off rapidly. The dose for the treatment of 
cardiac disorders was deduced from experiments on the failing heart of the heart-lung prepara- 


tion on the basis of a comparison with ouabain. 


OUR cardioactive substances have been 

obtained from Thevetia neriifolia: (1) the- 

vetin, described by DeVry in 1863,' and 
subjected to chemical and pharmacologic study 
by Chen and his collaborators?: *; (2) neriifolin, 
isolated by Frerejacquet and by Helfenberger 
and Reichstein®; (3) acetylneriifolin, isolated by 
Frerejacque and Durgeat®; and (4) thevetobio- 
side, prepared by enzymatic hydrolysis of the- 
vetin with strophanthobiase.’ Chen and Chen? 
have also isolated from Thevetia neriifolia two 
substances, kokilphin and ahouain, lacking in 
vardiac activity. 

Several species of the genus thevetia exist in 
Mexico, but there has been no modern study 
of their botanical classification and distribu- 
tion, and chemical and pharmacologic studies 
have been scarce. Guerra’ has recently made a 
histori¢al and botanical study of the so-called 
Thevetia yccottli from which he has obtained 
by dialysis a mixture of glycosides. He also 
claims to have obtained thevetin. Chen and 
Chen*® had already obtained in 1938 thevetin 
and kokilphin from a sample of Mexican seeds 
which they also classified under the name of 
Thevetia yccottli. 

The authors, working with Thevetia gaumeri 
identified by M. Martinez,® and using the ex- 
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traction procedure described below, have ob- 
tained a moderately hygroscopic white cryst:l- 
line substance for which they proposed thie 
name of thevetoidin. The pharmacologic study 
of thevetoidin on the heart is described in the 
present paper. A preliminary clinical study of 
thevetoidin carried out by Chavez, Mendez 
and Chait'® demonstrated its possible use in 
certain cardiac disorders. 


MeErHops 


The chemical extraction of thevetoidin is ac- 
complished in the following stages: removal of fat 
from the seeds with petroleum ether; extraction with 
cold aleohol and later with hot alcohol; evaporation 
of the alcohol in vacuo; repeated washing of the 
residue with ether until the ether contains no more 
colloidal substance; extraction of the residue with 
hot water (50 to 60 C.) in vacuo; treatment with 
lead acetate at a temperature of 50 to 60 C. in 
vacuo; filtration and precipitation of the lead with 
hydrogen sulfide at a temperature of 50 to 60 C.; 
neutralization of the free acetic acid with sodium 
carbonate at a pH of 7.2; filtration and evaporation 
in vacuo; extraction with alcohol and purification 
with activated charcoal; evaporation and extraction 
with absolute alcohol; further purification with 
charcoal until the solution is completely colorless; 
evaporation and extraction with absolute methyl 
alcohol; precipitation of the active substance with 
anhydrous ether; centrifugation and desiccation in 
vacuo. 

For the experiments on the isolated heart of the 
frog and for the determination of the half lethal dose, 
frogs of the variety Moctezuma were used. The hear‘ 
was isolated according to the technic of Straub 
Fiihner. The physiologic solution used had_ th: 
following composition: sodium chloride 0.65 pe 


Circulation, Volume IV, December, 195 





MENDEZ, SODI-PALLARES AND NAVA 855 


cent; potassium chloride 0.014 per cent; Calcium 
chloride (anhydrous) 0.011 per cent; sodium bi- 
c. rbonate 0.03 per cent. 

For the determination of the half lethal dose and 
t!e dose mortality curve, groups of six frogs were 
injected at each dose level. The injections were 
nade into the ventral lymph sac through the muscles 
0 the thigh. Results were analyzed according to the 
nethod of Behrens." The experiments were con- 
dicted at an evironmental temperature which 
yaried between 23 and 25 C. 

The experiments in the heart-lung preparation 


40 
i 


Tev.1xio73 


lowed by a diminution of ventricular relaxation 
until termination in ventricular arrest with 
continuation for some time of auricular activity. 
The heart rate diminishes; frequently there is 
observed incomplete A-V block and at times 
A-V dissociation. 

The essential characteristic of the action of 
thevetoidin on the isolated heart is its reversi- 
bility. In figure 1 it may be seen that thevetoi- 
din in a concentration of 1 X 10-* produced 


cS aa 


Tev. Ixio73 


Fic. 1. Action of thevetoidin upon the isolated frog heart. The figures indicate heart rate per 
minute. The figures followed by an apostrophe indicate periods of time in minutes during which the 
drum was stopped. Tev = thevetoidin. When systolic standstill was produced the heart was washed 


with Ringer solution several times. 


were conducted on dogs of 8 to 13 Kg. The technic 
was that described by Krayer and Méndez,!* 
utilizing the Stolnikov stromuhr in place of the 
Weese stromuhr used by those authors. In most of 
the experiments cardiac insufficiency was _ pro- 
voked by pentobarbital (80 to 180 mg.) in divided 
doses of 50 mg. or less. Competence tests were used 
according to the technic of Krayer." A chloroform 
manometer was used to record pressure in the left 
auricle. In two experiments in which coronary blood 
flow was measured, a Morawitz cannula was intro- 
duced into the coronary sinus. In experiments with 
the innervated heart-lung preparation, the venous 
cannula was introduced into the inferior vena cava 
and the arterial cannula into the descending aorta, 
maintaining intact the circulation of the head. For 
experiments in which electrocardiographic changes 
vere studied in the intact animal, dogs of 6 to 10 
Kg. anesthetized with pentobarbital (20 mg. per 
<g.) and chloralose (70 to 80 mg. per Kg.) were used. 
The three standard leads were used. Records were 
aken with a model III Grass electroencephalograph. 


RESULTS 
!. Isolated Frog Heart 


The systolic effect of thevetoidin is analogous 
to that of other digitalis-like substances. It 
produces first a positive inotropic effect, fol- 


systolic arrest in six minutes. About an hour 
after washing, the amplitude of the contractions 
and the cardiac frequency had returned to 
normal. In other experiments complete res- 
toration was obtained half an hour after wash- 
ing with Ringer Solution. The second adminis- 
tration of thevetoidin in the same concentration 
of 1 X 10-* produced systolic arrest in about 
the same time as the first. The reversion to 
normal was also complete after washing. The 
reversibility of the action of thevetoidin is more 
rapid as the concentration is reduced. Thus 
with a concentration of 1 X 10-* complete 
reversion was obtained in some experiments 
within a few minutes. 

We intended to obtain a curve plotting con- 
centration against the time necessary for sys- 
tolic standstill similar to the curves which have 
been obtained with digitoxin, ouabain and other 
substances," but we were unable to obtain a 
sufficient number of points, since the limiting 
concentration with which we were able to pro- 
duce systolic arrest of the ventricles was 5 X 
10-*. This concentration caused an intense sys- 
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tolic effect but in most of the experiments did 
not produce clear systolic arrest. This suggests 
a slight fixation of thevetoidin in the frog heart 
in comparison with most of the cardiac glyco- 
sides studied until now. 


II. Half Lethal Dose in the Frog; Cat Unit 


The half lethal dose in the frog was deter- 
mined in comparison with ouabain (Arnaud) 
under the same experimental conditions. Eight 
doses of each substance were injected. The half 
lethal dose of the sample of ouabain used was 
0.0003 mg. per Gm. weight; that of thevetoidin 
was 0.066 mg. per Gm. These results show that 


mental method for demonstrating a digitalis. 
like action of a substance than its study in the 
failing heart of the heart-lung preparation. This 
point of view has brought one of the authors" 
to consider as the most decisive proof of d gi- 
talis-like action, the reversal of the card.ac 
failure in the Starling heart-lung preparati:n, 


with a sustained therapeutic action and ‘he 
ultimate development of characteristic toxic 
effects. This is not to deny the merits of studies 
of toxicity in the cat nor of the precise elect ;o- 
cardiographic disturbances which may be ‘e- 
corded in the dog or cat under anesthesia, | ut 
there can be no doubt that reversal of experi- 


sate potentiate. 
arene a P er 
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Fic. 2. Action of thevetoidin upon experimental heart failure in the heart-lung preparation of 
the dog. Weight of the heart-lung dog, 9.2 Kg. Weight of the heart 72 Gm. Total amount of blood in 
the system, approximately 950 cc. Amount of blood in the reservoir when thevetoidin was injected 
400 ec. Arterial resistance 82 mm. Hg. Part A, nonfailing heart; part B, failing heart. Between A and 
B 120 mg. of pentobarbital were injected. Tracings from top to bottom: arterial blood pressure (scale 
on top at left in mm. Hg.); right auricular pressure (scale on left in mm. H,QO); time in half-minute 
intervals. The horizontal rows of figures indicate from top to bottom: systemic output in ce. per 
minute; heart rate per minute; temperature in degrees centigrade; raising and lowering of the reser- 
voir in mm. H.O. At arrow 0.8 mg. of thevetoidin was injected. 


toxicity of thevetoidin in the frog by injection 
in the lymph sac is approximately one two- 
hundredth that of ouabain. This difference does 
not agree with the results obtained by intrave- 
nous injection in the cat nor with those obtained 
in the heart-lung preparation. 

The cat unit was determined by the method 
of Hatcher, following the technic of Storm van 
Leeuwen, and by the method of the U.S. P. 
XIII. With the first method, the cat unit was 
2.3 mg.; by the second, 2.6 mg. 


III. Action of Thevetoidin in the Heart-Lung 
Preparation 


(a) Failing Heart. In the opinion of the au- 
thors of this paper, there is no better experi- 


mental heart failure constitutes a complemen- 
tary proof and an indication of therapeutic 
activity not possessed by any of the other 
methods of study of substances with digitalis- 
like action. 

Thevetoidin reverses completely experimen- 
tal heart failure in the heart-lung preparation 
when administered in a minimal dose of 0.8 
mg. Figure 2 shows clearly this effect. Part 
of the figure shows the response of the sufficient 
heart to changes of venous return caused by 
elevation of the venous reservoir. Compariso1 
of the response of the sufficient heart with tha‘ 
of the failing heart and with that of the hear! 
restored by a cardiac glycoside constitutes the 
so-called competence test of Krayer. The 
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suificient heart (part A) responds to the in- 
ervase of venous return with a proportional 
augmentation of ventricular output and with a 
very slight elevation of right auricular pressure. 
Elevation of the reservoir in three steps of 50 
mm. each increased the output of the left 
vi ntricle from 612 cc. per minute to 800, 930 
aid 1100 ce. per minute. Between parts A and 
B of this tracing the heart was made insufficient 
with pentobarbital and the left ventricular out- 
put diminished to 430 ce. per minute with a 
corresponding elevation of auricular pressure. 
The administration of 0.8 mg. of thevetoidin 
was followed by a rapid decrease of the auricu- 


545 
WEL ae) 
36.9° 


failure was also observed to decrease after the 
injection of thevetoidin. 

(b) Toxic Action on the Sufficient Heart. The 
heart of the heart-lung preparation at the be- 
ginning of an experiment is generally in a mild 
state of insufficiency. If the heart were com- 
pletely normal, the administration of a sub- 
stance with a digitalis-like action would not 
produce any effect on the ventricular output 
or on auricular pressure. Figure 3 shows the 
effect of thevetoidin on a heart which in the 
laboratory might be considered normal, but 
which probably, under the influence of the 
anesthesia, the operation and the time lapse 


Can 


Fig. 3. Toxic action of thevetoidin upon the heart in the heart-lung preparation. Tracings from 
top to bottom: arterial blood pressure (scale on left in mm. Hg.); right auricular pressure (scale on 
right in mm. of water); time in 30 second intervals. The horizontal rows of figures indicate: output 
in ¢c. per minute; heart rate per minute; temperature in degrees centrigrade. A = auri- 


cle; V = ventricle. Tev. = thevetoidin. 


lar pressure and a considerable increase of car- 
diac output. Repetition of the competence test 
(right side of part B) produced results similar 
to those which had been obtained in the normal 
heart. Part C shows the reversibility of the 
effect of a dose of 0.8 mg. of thevetoidin in the 
ieart-lung preparation. Elevation of venous 
pressure and decrease of cardiac output, indi- 
cating the return to the insufficient state, were 
obvious an hour after the administration of 
‘hevetoidin. With these small doses which pro- 
luce complete reversal of failure, the effect 
lisappears almost completely between 50 and 
0) minutes. 

In other experiments the elevated pulmonary 
irterial pressure resulting from left ventricular 


before the beginning of the experiment, had 
developed a mild degree of insufficiency. To 
this may be ascribed in part the effect of the. 
first injection of 2 mg. of thevetoidin, which 
before causing toxic effects, caused a slight 
increase of cardiac output accompanied by a 
slight decrease of venous pressure. This mod- 
erate therapeutic effect was followed by toxic 
effects characterized by wide and rapid fluctua- 
tions of venous pressure due to the production 
of A-V dissociation. The cardiac output, which, 
under the therapeutic effect of the drug, had 
increased from 600 to 625 cc. per minute, de- 
creased to 545 during this first phase of the toxic 
action. The mean venous pressure was elevated 
also as a result of the dissociation. The auricu- 
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lar rate diminished, probably as a result of an 
action on the sinoauricular node. The second 
injection of 2 mg. of thevetoidin augmented 
the toxic effects, producing a more marked 
increase of venous pressure and of ventricular 
automatism. Auricular automatism ceased un- 
der the effect of this second dose. The third 
injection of 2 mg. led to the production of ven- 
tricular fibrillation with a sudden fall of arterial 
pressure and maximal elevation of auricular 
pressure. 

The toxic effects described are similar to 
these which are produced by all of the cardiac 
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val and occasional sinoauricular block. Two 
minutes after the injection, the first ventricular 
premature contraction was recorded, with aug 
mentation of the bradycardia and great depres 
sion of A-V conduction. At six minutes afte: 
the injection there appeared periods of A-\ 
dissociation alternating with periods of sinu 
rhythm and at about seven minutes the A-\ 
dissociation was complete. This continued unti! 
18 minutes. Then the first sign of regression o 
the toxic effects was observed: periods of sinus 
rhythm began to be intercalated with period: 
of dissociation. In the periods of sinus rhythm 
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glycosides that have been studied in the heart- 
lung preparation. 


IV. Action on the Electrocardiogram of the An- 
esthetized Dog 


Figure 4 shows the rapid and reversible effect 
of thevetoidin on the electrocardiogram of the 
anesthetized animal. The dose injected intra- 
venously in this experiment was 0.6 mg. per 
Kg. The electrocardiographic changes were re- 
corded continuously with a direct-writing in- 
strument (see Methods). At 85 seconds after 
the injection there occurred a considerable 
bradycardia with lengthening of the P-R inter- 


Ferts 





Fic. 4. Action of thevetoidin upon the electrocardiogram of the anesthetized dog. Grass electro- 
encephalograph III. Standard leads. F = heart rate. Min. sec. 


after administration of thevetoidin. Figures for P-R interval are expressed in milliseconds. 
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minutes and seconds respectively 





the A-V conduction was so slow that the P and 
T waves fell at the same moment and it was 
impossible to differentiate one from the other. 
At approximately 40 minutes it was possible 
again to distinguish between the P and T waves. 
At this moment the A-V conduction time was 
about 150 milliseconds as compared with 80 
measured before the injection of thevetoidin. 
Later, the P-R interval diminished progres- 
sively until it returned to normal between 90 
and 120 minutes after the injection. 

Four experiments were conducted with the 
same dose of 0.6 mg. per Kg. of thevetoidin. 
Figure 4 illustrates a typical result. In one of 
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ne experiments the disappearance of the elec- 
wardiographic changes was complete in 45 
nutes after the injection. In one experiment 
which 1 mg. per Kg. was injected the toxic 
“eects were more intense and developed more 
-.pidly than those indicated in the experiments 
figure 4. The first extrasystoles appeared 35 
-onds following the injection. The toxic effects 
| sappeared less rapidly than with the dose of 
(i) mg. per Kg. At two hours and twenty min- 
u.es the P-R interval was still considerably 
jonger than normal. The complete disappear- 
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previous to the injection. In the other two 
experiments, in dogs anesthetized with pento- 
barbital-chloralose (see Methods), the result 
illustrated in figure 5 was observed. In these 
experiments 9 mg. of thevetoidin were injected 
in a dog of 12 Kg. The effect on the rate and 
the venous pressure developed gradually and 
when it appeared to be maximal (at two min- 
utes and forty seconds) section of the vagus 
nerves was followed by a fall of the venous 
pressure and restoration of the heart rate to its 
previous level; however, the P-R interval did 
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Fic. 5. Vagal action of thevetoidin in the innervated heart-lung preparation. Weight of dog 12 
Kg. Tracings from top to bottom: arterial blood pressure; left auricular pressure; time in 5 second 
intervals. The horizontal rows of figures indicate systemic output in cc. per minute, heart rate and 
temperature in degrees centigrade. At A, 9 mg. of thevetoidin were injected. At B the vagi were cut. 


ance of the electrocardiographic changes did 
not oecur until three hours after the injection. 


V. The Vagal Effect of Thevetoidin 


The rapid development of bradycardia, the 
increase of the P-R interval and thesinoauricular 
block occasionally obtained following the injec- 
tion of thevetoidin in anesthetized dogs sug- 
vested a strong vagal component in the effect 
of this substance. This effect was studied in 
three experiments with the innervated heart- 
lung preparation. 

In the first experiment 5 mg. of thevetoidin 
vere injected in a dog of 7 Kg., anesthetized 
vith pentobarbital; 20 seconds later an intense 
yradycardia with elevation of the venous pres- 
sure occurred. Section of the vagus nerves was 
immediately followed by restoration of the ve- 
10us pressure and of the heart rate to the values 


not return completely to normal, indicating a 
direct effect on the conduction tissue. Seventy 
seconds after section of the vagus nerves, A-V 
dissociation appeared which was due to the 
digitalis-like action. 

The vagal effect produced in these experi- 
ments was so intense that it surpassed the 
effect which thevetoidin might have had on con- 
tractility in the first two or three minutes of 
its action, since the reduction of heart rate was 
accompanied by an augmentation of the auricu- 


lar pressure and reduction of the cardiac output. 
(See fig. 5.) 


VI. Other Effects 


(a) Vomiting and Diarrhea. In two experi- 
ments thevetoidin was injected intravenously 
in two dogs without anesthesia. The dose was 
0.6 mg. per Kg. Both dogs vomited between 
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one and one-half and two minutes after the 
injection. One of them developed diarrhea 
about eight minutes following the injection. 
We have not studied the emetic action of the- 
vetoidin in pigeons. We can, however, affirm 
that thevetoidin has an emetic action more 
marked than that of ouabain, since in clinical 
experiments” the therapeutic dose of 0.02 mg. 
per Kg. produced vomiting in most of the pa- 
tients. 

(b) Arterial Pressure. Thevetoidin has an ac- 
tion on the arterial pressure similar to that of 
the cardiac glycosides. A dose of 0.6 to 1.0 mg. 
per Kg. produces an immediate elevation of 
arterial pressure which is sustained for 10 to 12 
minutes before descending slowly to the original 
level. The pressure record, however, showed 
irregularities due to periods of A-V dissociation. 
Coincident with the elevation of pressure there 
occurred a decrease of the respiratory rate. An 
effect upon the arterial pressure was also re- 
corded in the experiments used for determina- 
tion of the cat unit by the method of Hatcher. 
The changes observed are similar to those which 
are seen with the other digitalis-like substances. 

(c) Coronary Blood Flow. In two experiments, 
the coronary flow was measured in the heart- 
lung preparation. Neither the dose of thevetoi- 
din necessary to reverse cardiac insufficiency 
nor that necessary to produce cardiac irregu- 
larities caused any significant change in the 
flow of blood collected from the coronary sinus. 
We have not measured the coronary flow in 
anesthetized animals with the thorax opened 
to determine the influence which the vagal 
effect of the substance may exert on the coro- 
nary flow in the innervated heart. 


DISCUSSION 


We have worked with four batches of theve- 
toidin and the characteristics of the substance 
have not always been the same. In the four lots 
we have encountered differences, although 
small, in the melting point and in the activity 
of the compound. This taken together with the 
clinical study,'!® which revealed two distinct 
actions, an early transient one and a cumulative 
action comparable to that of strophanthin, 
made us think that thevetoidin is composed of 
more than one substance. Further chemical 
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studies, still in progress, have revealed the 
presence of acetylthevetin and, in additio) 
small amount of a quaternary ammonium hb 
Our substance does not contain ahouait 
kokilphin which have been found by Chen :ind 
Chen? in their studies on the isolation of the 
glycosides from thevetia. 

A surprising characteristic of the pharm: :co- 
logic action of thevetoidin is its reversibility, 
This has been demonstrated in the isolated | rog 
heart, in the failing heart of the heart-!ing 
preparation, and in the anesthetized dog. {he 
cumulative action later revealed in the clinical 
study had already been suspected following ‘he 
results obtained in some of the preliminary 
experiments on the anesthetized dog, but jiad 
not been given the importance it deserved. ‘lhe 
reversibility can be compared only with that 
described by Gold and collaborators'®: " for 
acetylstrophanthin and for thevetin in their 
studies on the action of these substances in 
auricular fibrillation in the human subject. All 
these substances with extremely rapid action 
suggest more the effect of the aglycones than 
of the glycosides, and suggest the possibility 
that a carefully conducted clinical study on the 
aglucones might reveal actions of interest and 
practical importance. 


» a 
ise, 


or 


The vagal effect of thevetoidin appears to us 
to be the most intense that has been obtained 
up to now with any cardiac glycoside, and in 
this respect and in its reversibility it resembles 
more the action of the aglycones and of certain 
alkaloids of veratrum than that of the glyco- 
sides. It is possible that this vagal effect may 
be responsible for the dramatic effect of theve- 
toidin in certain cases of paroxysmal auricular 
tachycardia” and that its mechanism may con- 
sist in abolition of the abnormal automatism of 
the auricle by virtue of acetylcholine liberation. 
The fact that large doses are required to pro- 
duce an intense vagal effect in the experimental 
animal is probably due to anesthesia which 
may depress the nerve centers or reflexes re- 
sponsible for this action. The possibility exists 
that the small amounts of quaternary ammo- 
nium base detected in our samples may be i): 
part responsible for these effects. 

The dose of thevetoidin which we recom 
mended for use in the clinic was deduced by 
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comparing the effects of thevetoidin with those 
of ouabain on the failing heart-lung prepara- 
tio:. It was impossible to decide on a dose by 
coniparison of toxicity in frogs or in cats 
since the toxicity was about 200 times less than 
tha: of ouabain in the frog and about twenty- 
five times less in the cat. We have not at- 
tenipted to determine the reason for this differ- 
ence 

‘he dose of thevetoidin necessary to reverse 
experimental cardiac insufficiency without pro- 
ducing toxic effects is approximately 0.8 mg. 
(reservoir containing 400 ec. of blood). A thera- 
peutic effect similar in rapidity and intensity 
can be obtained with 0.12 mg. of ouabain. 
However, this dose of ouabain causes toxic 
effects about one-half hour after its administra- 
tion. Taking into account only the therapeutic 
effect, the relation of activity between ouabain 
and thevetoidin would be about 10 to 1, but 
since ouabain has a slower action than theve- 
toidin it is necessary to administer a larger dose 
in order to obtain an equally rapid effect. Ex- 
periments made with doses of ouabain less than 
0.12 mg. suggested that in order to produce 


an effect as rapid as thevetoidin (10 to 12 min- 
utes), it was essential to administer a dose 


approximately double that necessary to produce 
the effect of ouabain in the normal time of its 
action (40 to 50 minutes). This calculation would 
give an approximate relation of activity of 
ouabain to thevetoidin of 17 to 1, which ap- 
proaches more closely the relation of toxicity 
of ouabain to thevetoidin in the cat than to the 
same relation in the frog. In view of these re- 
sults, it was decided to begin a clinical investi- 
gation with doses of 5 to 10 mg. of thevetoidin. 
The dose of 10 mg. was found to be correct as 
may be seen in the paper dealing with the 
clinical aspects.!° 

The above results suggest the use of experi- 
mental cardiac failure in the heart-lung prepa- 
ration as a method of quantitative evaluation 
of cardioactive substances with rapid action, 
above all when one is not dealing with pure 
glycosides but with substances containing toxic 
0: inactive fractions which may augment or 
diminish toxicity in the cat. In these cases the 
st idy in experimental cardiac insufficiency by 
comparison with a pure glycoside of rapid ac- 


tion may give an indication of therapeutic 
activity of the substance and not of its total 
cardiac toxic action, which is obtained from 
the methods utilizing the cat and the frog. 


SUMMARY 


The method of extraction and the pharmaco- 
logic action of a crystalline substance isolated 
from a Mexican species of thevetia, for which 
the name thevetoidin is proposed, are discussed. 

The digitalis-like action of thevetoidin has 
been demonstrated in the isolated frog heart, 
in the anesthetized dog and in the failing heart 
of the heart-lung preparation. 

Thevetoidin is approximately one-twentieth 
as potent as ouabain. Its complete effect is 
exerted within about 10 minutes after its ad- 
ministration and disappears in approximately 
one hour. Its vagal action is more rapid and 
intense than that of those cardiac glycosides 
studied up to the present time. 

The results indicate that the heart-lung 
preparation can be used for the study of the 
therapeutic activity of digitalis-like substances 
with rapid action. 
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The Dissection of the Atrioventricular Node, 
Bundle and Bundle Branches in the 


Human Heart 


By Jerrotp Wipran, M.D., anp Maurice Lev, M.D. 


The A-V node, bundle and bundle branches were grossly dissected in 41 human hearts. The 
method for this dissection is described. Given also are the sizes of the individual structures with 
advancing age. These structures grow more slowly than the remainder of the myocardium. 


HE dissectability of the A-V node, 
bundle, and bundle branches in the 
human heart has been questioned. 
teizer' originally performed the dissection, 
which was confirmed by Tawara,? Keith and 
Flack,? Curran,! Walls,> and Kistin.6 On the 
other hand, Holmes? and Mahaim® doubted its 
dissectability, and Glomset and Glomset’s® and 
Glomset and Birge’s'® description of the gross 
dissection varied from that of other authors. 
Accordingly, we undertook to dissect these 
structures in man and to study their gross 
morphology in various age groups. 


MATERIAL AND Metuop oF DISSECTION 


Forty-one formalin-fixed hearts of various ages, 
exhibiting no evidence of pathologic change, were 
dissected as indicated in the accompanying table 1, 
by the following method of dissection: 

The pars membranacea is first inspected as to its 
anatomy. The pars membranacea normally consists 
of two parts: (1) an atrioventricular part, between 
the right atrium and left ventricle, and (2) an inter- 
ventricular part. The relative sizes of these two parts 
varies markedly. The pars membranacea is roughly 
triangular, with proximal, distal and superior angles. 
At the proximal angle the central fibrous body is 
palpated. The coronary sinus, limbus, eustachian 
valve, medial tricuspid leaflet, septal band of the 
crista supraventricularis, muscle bundle of Lancisi, 
and moderator band are identified (fig. 1). 


From the Department of Pathology, University of 
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The chordae tendineae of the medial part of the 
anterior tricuspid leaflet are now cut and _ these 
portions of leaflet detached at their ring base and 
from the pars membranacea and central fibrous 
body (fig. 1B). The atrial endocardium is removed 
from the region bounded by the eustachian valve, 
the coronary sinus, and the denuded valve ring at- 
tachment. This reveals a thin sheet of muscle cours- 
ing obliquely or at right angles to the base of the 
tricuspid valve. After cutting, the A-V node be- 
comes evident, embedded in a varying amount of 
fat in the adult (not present in the child). Fat tissue 
posterior to this area is removed, revealing the 
ramus septi fibrosi coursing from its origin in the 
right (occasionally the left) coronary artery to enter 
the region of the node (fig. 22). 

The right layer of the posterior aspect of the 
pars membranacea (near its junction with the muscu- 
lar septum) is now removed. This reveals the branch- 
ing portion of the A-V bundle (fig. 2C). The posterior 
end of this bundle is followed into the central fibrous 
body, the right aspect of which is removed with a 
sharp scalpel. Continuity between the A-V node 
and bundle is thus established (fig. 2D). 

The A-V bundle is then traced into the right 
branch at the distal angle of the pars membranacea 
(fig. 2D). This branch follows a course along the 
inferior aspect of the septal band, between the 
conus and sinus of the right ventricle. Its first por- 
tion is usually subendocardial, or relatively super- 
ficial, up to the level of the muscle of Lancisi. It 
then dips into the myocardium, becoming super- 
ficial only at its distal third, where it terminates at 
the moderator band. Occasionally it is intramyo- 
cardial in its first two-thirds, and occasionally it 
is subendocardial throughout its extent. 

The pars membranacea and all tissue anterior to 
it are now removed so that one is able to see both 
sides of the ventricular septum from the vantage 
point of the A-V bundle (fig. 2Z). The endocardium 
is then painstakingly separated from the left aspect 
of the ventricular septum, revealing the fasciculi 
of the left branch (fig. 2E and F). This is possible 
only for about one-third of the way to the apex. 
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TaBLeE 1.—Nwmber of Dissections in Various Age Groups and Size of A-V Node, Bundle, and Bundle Branches 


Age 


No. of Dissections 

Length of A-V Node 

Width of A-V Node 

Width of A-V Bundle (Penetrating) -1.5 mm. 
Width of A-V Bundle (Branching) 


Fossa ovalis 
\ 


Coronary sinus % v 
Area to be & bi 
stripped of” 
ccthenniiins one 


Medial cusp & adjacent 
endocardium dissected 
away to reveal a-v rode ~ fe 


Co oronary sinus~~ 


Gi 


A-v node 


15-40 


10 
5-7 mm. 
2-5 mm. 
0.5-2.5 mm. 
5 mm. 1-3 mm. 


Antero -lateral 
papillary m 
11 
Mus bundle 
\_of lancisi 


& supra- 
* ventric. 


Mus. bundle 


_-of lancisi 


Membran 
“ 
septum 


Fig. 1. Method of dissection of the A-V node, bundle and bundle branches. A. View of the right 
side of the heart before dissection. B. The node dissected. 


DISSECTABILITY AND Gross MorPHOLOGY 


The accompanying table 2 indicates the de- 
gree of success in dissecting the various struc- 
tures by the above method. It will be noted 
that the right branch cannot be followed down 
to the moderator band in some cases because 
of the identical appearance of the structure 
with the surrounding muscle. In a few cases 
this similarity is so marked that the right 
branch is lost immediately. The lower half of 


the left branch is dissected with difficulty in all 
cases, due to the fineness of its fasciculi and its 
intimacy with the endocardium. 

The general location of all structures is as 
indicated by previous authors. The A-V node is 
situated on the atrial side of the base of the 
medial tricuspid leaflet, above the level of the 
coronary sinus and between the limbus fossa 
ovalis and the tricuspid valve (fig. 3). It pro- 
ceeds into the bundle of His, which consists of 
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Central fibrous body 


A-v bundle, 
branching portion 


Centr fibrous body dissected 


away & confluence of bundle 


with node established 


Re. 
bundle 
P branch 


dissection 


/ 
A-v node 


L.bundle branch » 


fasciult, 


Ramus septi 
fib ros: a 


Looking down upon intervent. 
septum from right side 


for right branch 


Crista 
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Fic. 2. Method of dissection of the A-V node, bundle and bundle branches. Continued from figure 1. 
C. The A-V bundle, branching portion, dissected. D. A-V bundle. penetrating portion, and right 
bundle branch dissected. HZ. Beginning of left bundle branch dissected. F. Further dissection of left 


bundle branch. 


TaBLE 2.—Dissectability of the A-V Node, Bunile, 
and Bundle Branches 


Structures Dissectability 


Right Branch 
Complete...... 
Partial 


Le't Branch 


SRM ed neat eyeing viens agate : 100% 
Complete 0% 


two parts; a penetrating and a branching part. 
The penetrating portion passes through the 


central fibrous body to reach the pars mem- 
branacea. Here the branching portion may be 
situated either directly above the muscular 
ventricular septum or on the upper part of the 
left or right side of the septum, in diminishing 
order of occurrence. Numerous fasciculi of the 
left are given off in two radiations—first 
posterior and then anterior—each going to the 
vicinity of the corresponding papillary muscle. 

The average size of the various structures in 
the various age groups is indicated in table 1. 
It will be noted that the structures are rela- 
tively larger in the young than in the old. This 
would indicate that their relative growth in 
postnatal life is less than the atrial and ven- 
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tricular musculature. This confirms the state- 
ments of Tawara, Keith and Flack, 
Ménckeberg."! 

‘The node and the penetrating portion of the 
bundle are distinctly paler than the atrial and 
ventricular musculature. This is less true of the 
branching portion of the bundle and the left 
branch. The color of the right branch is the 
same as that of the surrounding myocardium. 
In addition, the node has a very typical reticu- 
lated structure. 


and 


SUMMARY 


|. The human A-V node, bundle, and bundle 
branches are grossly dissectable. 

2. A method for such dissection is described. 

3. With advancing age, these structures grow 
more slowly than the atria and ventricles. 
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Fig. 3A. Dissection of the A-V node, bundle and right branch in adult. B. Same in child. C. The 
right branch seen in relation to the muscle of Lancisi. D. View of the bundle from above, showing left 
fasciculi. E. View of the bundle from the left ventricular aspect of septum, showing left fasciculi. 
(1) Ramus septi fibrosi. (2) Node. (3) Bundle, penetrating portion. (4) Bundle, branching portion. 
(5) Right bundle branch. (6) Left bundle branch. 





The Distribution of Body Fluids in 


Congestive Heart Failure 


II. Exchanges in Patients during Diuresis 


By R. D. Squires, M.D., A. P. Crostey, Jr., M.D., anp J. R. Etxinron, M.D. 


The balance technic was applied in six studies of patients with congestive heart failure during the 
diuresis of their edema fluid. From the data so obtained changes in the extra- and intracellular 
phases of the body fluids were calculated, as well as transfers of sodium and potassium between the 
several phases and between the body and external environment. The results indicate that abnormal- 


ities of intracellular fluid exist in this condition. 


S INDICATED in the first paper in this 
series' the edema of cardiac failure has 
for many years been considered to be 

essentially an isotonic expansion of extracellu- 
lar fluid. More recently, evidence has accumu- 
lated which suggests that the intracellular fluid 
is involved as well in the physiopathology of 
this condition. The existence of an abnormally 
low concentration of sodium in extracellular 
fluid and serum, as reported by other workers 
and as documented in the preceding paper,’ in 
itself suggests that the distribution of water be- 
tween the two phases of body fluid must be 
abnormal. Furthermore, at least one intra- 
cellular electrolyte has been implicated since 
Newman and co-workers*® have reported reten- 
tion of potassium during the loss of cardiac 
edema and Fox, Friedburg and White? have 
claimed that the administration of potassium 
to some cardiac patients results in the diuresis 
of their edema. Fox has postulated that the 
abnormal body fluid pattern in these patients 
is one of hypotonicity with an excess of extra- 
cellular, and a deficit of intracellular, base. 
While it is unlikely that such a complex dis- 
turbance can be reduced to simple terms, the 
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main types of disturbance are worth investi- 
gating for such light as may be shed on both 
the etiology and the therapy of the condition. 

The purpose of the study reported in this 
paper was to ascertain the principal changes 
in the distribution of body fluids which take 
place when a cardiac patient loses the major 
portion of his edema by diuresis. By quanti- 
tating these changes in respect to the water 
and some of the electrolytes of both the extra- 
cellular and intracellular phases, it was hoped 
to learn something of the abnormalities which 
had originally been present. 


EXPERIMENTAL MATERIAL AND MeETHODs* 


Six studies were conducted in five different. pa- 
tients with massive peripheral edema due to heart 
failure during the diuresis of the major portion of 
their edema. On five of the six occasions the diuresis 
was effected by the repeated administration of 
mercurial diuretics. The sixth study was of a patient 
who had a spontaneous diuresis on bed rest without 
the use of mercurial drugs. One patient (L.D.) was 
studied twice, once during the summer heat when 
she sweated profusely, and again three months later 
during the cooler weather when sweating was not 
clinically perceptible. Three of the other four pa- 
tients were studied in the winter time. 

The balance technic was used for the investigation. 
The patients were weighed daily and were main 
tained on measured amounts of dialyzed sodium-free 
milk (Lonalac) or whole milk. Occasionally other 
fluids were given; water was allowed ad libitum but 
was measured. The urine was collected over 24 hour 


* The laboratory assistance of Mrs. Claire Tiss:ri 
and Mrs. Helen Lightman is especially acknowledged 
for the studies reported in this paper and in the suc- 
ceeding paper. 
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per ods. Representative aliquots of the dialyzed milk 
and the daily urines were analyzed for chloride, 
sodium, potassium, and nitrogen, and the urine for 
creitinine. Analyses of blood and serum for the 
principal electrolytes were performed at the be- 
ginuing and end of each experimental period. Feces 
were not analyzed since only very small amounts 
wee passed during the regimen of the liquid diet and 
sine formed stools of the size passed contained 
amounts of the electrolytes which are quantitatively 
insvnificant® in relation to the exchanges under 
investigation. The volume of distribution and the 
clesrance of mannitol or inulin were obtained at the 
bevinning or end of five of the six studies, or at 
both times. 

Sodium and potassium were determined in serum, 
urine, and nitrie acid digests of milk by means of a 
Barclay internal standard flame photometer accord- 
ing to the methods of Wallace, Holliday, Cushman, 
and Elkinton.® 

Chloride was measured in serum by the method of 
Kisenman’ and in urine by that of Harvey. The total 
carbon dioxide content of serum was measured by 
the method of Van Slyke and Stadie.? Nitrogen in 
urine was determined by the macrokjeldahl technic. 
Creatinine in urine was determined according to 
the method of Brod and Sirota!’ and in serum accord- 
ing to the method of Bonsnes and Taussky.! Inulin 
and mannitol determinations in urine and serum were 
made by the method of Harrison™ and a modifica- 
tion of the method of Smith and co-workers," re- 
spectively; spaces and clearances being determined 
according to the formulas, In-Out/P and UV /P, 
respectively, where P is the concentration in plasma 
and UV the amount of the substances in urine. 


Calculation of Results 


The derived data were calculated from the balance 
data according to previous methods'*:!®; for the 
sake of clarity these methods are reviewed here. 

Change in total water (AW) is calculated from the 
change in weight (AWt.) corrected for the solids lost 
and the food burned, by the formula'® 


AW = AWt. + (S. — Si) + (C + F + 0.54P) 


where S, and S; = solids of excreta and ingesta, 
respectively, and C, P, and F = carbohydrate, pro- 
tein, and fat burned, respectively. The metabolic 
mixture is estimated as follows. Carbohydrate (C) 
burned is taken as the carbohydrate given. Protein 
(P) burned is taken as equivalent to the nitrogen ex- 
creted in the urine X 6.25. The fat burned is caleu- 
lated from the insensible weight loss (JZ) according 
to the formula” 


F = (IL — 2.12C — 1.69P)/3.78 


li, the cases studied here the daily insensible weight 
lo-s as measured frequently exceeded by a con- 
silerable amount the probable rate 6f vaporization 


of water for purposes of heat expenditure; the cause 
of this high rate of insensible weight loss during 
mercurial diuresis is at present unknown.* But for 
this reason, a daily insensible weight loss of 1 Kg. is 
assumed in these patients and the fat burned cal- 
culated on the basis of this assumption. 

Change in extracellular fluid volume (AE) is cal- 
culated from the change in concentration of chloride 
in serum corrected for serum water and a Donnan 
equilibrium factor of 0.95 ({Cl|z), the balance of 
chloride (6)ci, and an initial extracellular volume 
(E£;) either assumed or measured, in the following 
manner: 


Eo = (E,[Cljz, + bei)/[Clles 
AE = E, _— E, 


In the patients studied here #; was taken as the 
volume of distribution of inulin or mannitol and 
AE was calculated on this basis either forward or 
backward in time according to whether the inulin 
space was determined at the beginning or end of the 
study. In patient L.D. (I) an inulin space was 
measured at both beginning and end of the study; 
the change in the calculated chloride space differed 
from that measured for the inulin space by less 
than 9 per cent. 

Change in intracellular fluid (AI) is calculated 
simply as the difference between the changes in total 
water and in extracellular fluid: 


AI = AW — AE 


From the values for the volumes of extracellular 
fluid (2, and E2), from the concentration of sodium 
and potassium in extracellular fluid ({(Na], and 
[K]), and from their external balances (bna and bx), 
the exchanges of these two ions between the extra- 
and intracellular phases of the total body fluids 
(ANag and ANa;, AKy and AK;) are calculated as 
follows: 


ANay = E2|Nale, — Ei[Nalg, 
ANay; bra — ANag 

AKg = F,{K]z. — E,|K]z, 
AK, br ~~ AKy 


Change in intracellular potassium AK, is further cor- 
rected by the nitrogen balance (bn) to indicate that 
portion of intracellular potassium which is trans- 
ferred independently of the catabolism or anabolism 
of tissues, or “in excess of nitrogen” (AK,’): 


AKI; = AK, = (2.4bn) 


where bn is expressed in Gm. 

These exchanges of cations between phases are 
based on the assumption that chloride remains extra- 
cellular. Although this may not always be so!8-2 


* Equivocal evidence for an increase in insensible 
water loss during mercurial diuresis has been re- 
ported 36: 37 
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the probability is against there being enough of a 
shi!t of chloride across the phase boundary to invali- 
date the direction of the calculated transfers of 
ea‘ions. Where such an error does occur it will affect 
th: ealeulated changes in intracellular sodium 
(ANay) to a far greater extent than those of po- 
ta sium (AK;) because of the predominantly extra- 
ce lular position of the sodium ion. 

Change in osmotically active cell base (AB,) is 
calculated from the change in total water (AW) and 
from the concentration of sodium in extracellular 
fluid ({Na]z); phase calculations derived from the 
chloride balance or from other measurements do not 
enter into this calculation. Assuming an_ initial 
volume of total body water (W,) to be equal to 
0.7 body weight,* and the concentration of osmoti- 
cally active base in the body fluids ({"]) to equal 
[Nale + 10 mEq. per liter, the initial and final 
total amounts of osmotically active base in the body 
fluids (By, and By) are calculated from the formula: 


Bi = WilBh 
B. = (Wi + AW)[Blz 


From these values and from the observed balance of 
sodium plus potassium (bna+x) the change in 
osmotically active base (AB,) is calculated: 


AB; = (Bz — Bi) — bnayK. 


The validity of this calculation has been discussed 
elsewhere.”! 


RESULTS 


€ 


The results are presented in tables 1 to 3 
and in figures 1 to 4. 

Urinary Excretion and Total Balances of 
Water and Electrolytes (tables 1 and 3). During 
most of the time of observation each patient 
Was in a negative water balance which ranged 
in magnitude from 6.0 plus to 18.3 liters. Di- 
uresis through the kidney accounted for most 
of the electrolyte loss and much of the water 
loss. A considerable portion of the water loss, 
however, appeared to be due to an unusually 
high rate of formation of “‘insensible” water of 
vaporization and sweat which took place in 
most of the patients. 

The urine contained sodium and chloride in 
large and almost equimolar amounts (fig. 1A). 
The balances of sodium and of chloride were 
negative and were of considerable magnitude. 


* In these studies of patients who were edematous 
i the initial stages, W; was so assumed for the end 
0) the experiment and the calculation made backward 
li: time. ; 


871 


The ratio of many of the balances of these two 


ions approached more closely than did the ex- 
cretion rates, the normal ratio of sodium to 
chloride in extracellular fluid of 1.3 to 1.0 
(fig. 1B). This appeared not to be true for some 
of the larger negative balances when the rates 
of excretion of the ions exceeded to a marked 
degree the rate of excess ingestion of chloride 
over sodium. 

The amount of potassium excreted each day 
was not excessive and a positive balance of po- 


TABLE 2.—Renal Clearances of Creatinine and Inulin 
or Mannitol 


Avge. 
24 hr. 
creati- 
nine 3 = 
clear- Date Crea- I 


Acute clearance 
Patient 


Man- 


nulin nitol 


ance tinine 


ml, ml. ml. ml, 


per per per per 


min, min. | min. | min. 


40 
dt 





6/16-20 30 
6/20-24 32 
6/24-27 31 
9/29-10/1| 37 
10/1-3 
10/3-6 
1/4-7 

1/7-10 
1/10-12 








6/3-5 
6/6-7 
6/7-9 76 





tassium was present, in all of the patients ex- 
cept F.J.; in this patient the lowest intake and 
the highest excretion rate of the series resulted 
in a negative balance of this ion. Positive nitro- 
gen balances were maintained in all of the 
patients except F.J., whose intake of nitrogen 
was minimal. 

Data on the rate of glomerular filtration in 
these patients during the periods of diuresis 
are presented in table 2. As measured by the 
24 hour clearance of endogenous creatinine the 
glomerular filtration rate was markedly de- 
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pressed in the three patients receiving 
mercurials in whom this measurement was 
made. At the beginning or end of periods of 
study, acute clearances of creatinine and of 
inulin or mannitol were measured in five of the 
six patients. The results indicated somewhat 
higher values than those of the 24 hour crea- 
tinine clearances in the patients in whom both 
acute and chronic clearances were obtained, 
but the acute clearances do not invalidate the 
interpretation that these diureses occurred in 


Urinary 
600 
sodium, 


UVino 


meq.per 
24 hes. 


200 


200 400 600 800 


Urinary chloride, 


the majority of periods in the patients who re- 
ceived mercurials; these findings reflected the 
metabolic alkalosis as defined in the preceding 
paper.” 

Calculated Changes in the Phases of Body 
Fluids (table 3). The exchanges of water anc of 
the principal electrolytes as calculated in this 
group of patients were remarkably uniform. he 
reduction in extracellular water volume ranved 
from 4.1 to 11.5 liters. Since the loss of total 
body water was from 6.0 plus to 18.3 liters, a 


Balance 


of 


sodium, 


-200 -400 -600 -800 


Balance of chloride, 


UVe, b 
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cl 


meq. per meq. per 
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Fic. 1. Sodium and chloride transfers during diuresis: relation (A) of rates of urinary excretion 
and (B) of balances, of the two ions. 

Data are plotted for 24 hour periods during which mercurials were given (solid symbols), and for 
similar periods in the patient who diuresed without mercurial therapy (open circles). Identical 
symbols represent periods in same patient. The solid line defines a ratio of sodium to chloride of 
1.0:1.0; the broken line indicates such a ratio of 1.3:1.0 (the normal ratio of these two ions in extra- 
cellular fluid). 

A. In most of the periods, whether or not mercurials were given, the excretion ratio of sodium 
to chloride was closer to 1:1 than to 1.3:1, during diuresis. 

B. In many of the periods the ratio of the balances of these two ions approaches more closely 
a 1.3:1.0 than a 1:1 ratio. This appears not to be true for some larger negative balances which 
greatly exceed the amount of chloride ingested in excess of sodium (in dialyzed milk or as am- 


monium chloride). 


the presence of critically lowered rates of 
glomerular filtration. The 24 hour creatinine 
clearance was somewhat less depressed in the 
patient who had a diuresis without mercurial 
therapy. 

Serum Electrolyte Concentrations (table 3). 
The serum sodium level was normal or slightly 
elevated at the onset of diuresis in each patient 
and tended to fall slightly during the diuresis 
in the five patients who received mercurials. 
The serum potassium level remained within 
normal limits throughout the studies. The 
serum carbon dioxide content was slightly ele- 
vated and the chloride level depressed during 


definite portion of the water lost (15 to 62 per 
cent) came from the intracellular phase. 
Large amounts of sodium were lost from the 
extracellular phase; the changes in intracellular 
sodium content were equivocal. Potassium, 


however, was taken up in excess of nitrogen 
into the intracellular phase. In the four patients 
who were observed continuously for more than 
four days, this increment of potassium equalled 
4.3 to 8.4 mEq. per Kg. of body weight; these 
increments are comparable to those observed in 
other types of potassium depletion of moderate 
degree.”* 
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Change in the amount of osmotically active 
hase present in the total body fluids of each 
patient, as calculated from the serum sodium 
concentration and the balances of total water, 


Patient: LL.D. , 


55 QN 
Therapy: 


Edema - peripheral 


Serum conc. 


5.5 
K f Na 
Oo-O0 3.5 o—o 


meq. per liter 


Daily balance of: 


Sodium 


intake — | 
output ———. mea. 


Potassium 


24 hr. endog. 
creatinine 
clearance 

ce J min. 

Total fluid 


intake CO 


output liters 


urine as 


Day of study \ 


Arteriosclerotic heart disease with 


Wy, ow Na (Dialyzed) mil iff) 
La pa Lf lif ld 
Y,Mercuriais (Hg) 7 l 


cent of the sodium lost externally from 
the body. 


The course of these events in one of the 
patients, L.D. (II) is illustrated in figure 2 (ob- 


congestive failure 
Yi 


IZ 
Discharged 


edema -free 


| 


VZZLLALL WZ LLL 


& 3 4 5 6 7 


Fia. 2. The course of one of the patients, L. D. (II), during diuresis of her edema: observed data. 
There are shown the various items of treatment, the clinical degree of edema, the serum levels 
of sodium and potassium, the daily balances of these ions, the daily clearance of creatinine, the 


weight, and the total intake and output. 


The diuresis of the edema took place with no marked changes in the serum levels of sodium and 
potassium or in the rate of glomerular filtration as measured by creatinine. The balances of sodium 
were markedly negative while those of potassium were positive. 


sodium, and potassium, was in the negative 
lirection in each case. The magnitude of this 
‘loss”’ of osmotically active base, which pre- 
sumably took place within the cells, was large 
ind was roughly equivalent to 24 to 108 per 


served daily balances, serum electrolyte levels, 
and weight) and in figure 3 (calculated cumu- 
lative changes in the body fluids); the altera- 
tions in body fluid patterns are presented dia- 
grammatically in figure 4. 
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DISCUSSION clearance which are somewhat lower than the 
Certain of the unusual data obtained in these acute creatinine clearances, might all be ex- 
studies might well be ascribed to errors oc- plained by failure to collect all the urine passed 


Patient: L.D.,  Arteriosclerotic heart disease with congestive failure 


55 9N Low N dial 
Therapy: et : < 
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Cumulative change in: 
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Fic. 3. The course of one of the patients, L. D. (11), during diuresis of her edema: calculated 
changes in body fluids. 

The cumulative changes are shown of extracellular water volume (AE), extracellular sodium 
(ANa,), intracellular water volume (AJ), intracellular potassium (AK,’) and sodium (ANa;,), and 
in total osmotically active base (AB;). 

During the diuresis of the edema water was lost from both extra- and intracellular phases, extra- 
cellular sodium diminished and intracellular potassium increased. The decrement of osmotically 
active base inactivated within the cells, appeared to be of approximately the same magnitude as 
the amount of sodium lost externally from the body. 


curring in the balance technic. High rates of during the metabolic periods. However, the 
insensible water loss, discrepancies between very constancy of these findings in most of the 
total water loss as calculated from weight loss studies militates strongly against such an ex- 
and the balance of sodium plus potassium, and planation. 


the values for 24 hour endogenous creatinine In these patients the well known fact was 






































corroborated that in the diuresis of the edema 
of congestive heart failure, large amounts of 
esiracellular sodium and water are lost from 
the body.**-*> Our data also agree with those of 
R umgart and his co-workers” in that chloride 
\s excreted by the kidneys in almost equal 
ainounts with sodium. As indicated above, and 
a illustrated in figure 2, in many of the periods 
the balance of sodium tended to exceed the 
balance of chloride and to approach the extra- 
ccllular ratio of the two ions. The difference 
between sodium:chloride ratios of urinary ex- 
cretion and of balances is due to the fact that 
al! of the patients were ingesting more chloride 
than sodium, either in the dialyzed milk or as 
ammonium chloride. Two interpretations are 
possible, therefore, of the more nearly equi- 
molar ratio of the ions in urine. One is that the 
kidney was making an adjustment to the excess 
intake of chloride. The other is that under the 
conditions of diuresis the kidney tends to ex- 
crete as much chloride as sodium and that the 
ratio of the balances of the two ions was shifted 
fortuitously toward that of extracellular fluid 
by the ingestion of chloride in excess of sodium. 
Support for this latter interpretation is found 
not only in the data of Blumgart and as- 
sociates®®> and of other workers,” 74 but also 
in the fact that during the periods of the largest 
diuresis the ratio of the balances again tended 
to approach that of 1:1. In such periods the 
excess chloride ingested would have relatively 
less effect on the net chloride balance. 

If this latter interpretation is correct, namely 
that a diuresis tends to sweep out chloride in 
relatively greater amounts than sodium, at 
least a partial explanation has been found for 
the hypochloremic metabolic alkalosis present 
in these patients and in other cardiacs who have 
received mercurial diuretics.2 The question re- 
mains unanswered, however, of why the kidney 
does not, under these circumstances, excrete 
more bicarbonate and less chloride, and so pre- 
serve the normal pattern of electrolyte 
concentration in extracellular fluid. This might 
accounted for by the specific inhibition by 
ihe mercurial drug of tubular reabsorption of 
chloride as well as of sodium; some other ex- 
planation is required in the case of the patient 
J.R.) who had a spontaneous diuresis. What- 
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ever the explanation the data appear to indicate 
that a relative chloruresis is one factor in the 
metabolic alkalosis found in these patients. 
It may be presumed that the diureses of 
these patients were effected primarily as a re- 
sult of altered renal tubular transfers of sodium, 
chloride, and water. Our data confirm the find- 
ings of others?: 76 27 that under the influence 
of mercurial drugs, diuresis of edema may occur 
without significant elevation of the glomerular 
filtration rate above the so-called ‘‘critical” 
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150 
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meq. per |. 


H,0 


—— Oo 
10 ° 10 20 liters 


Fic. 4. Diagrammatic representation of the 
changes in body fluids which occurred in one of the 
patients, L. D. (II), during diuresis of her edema. 

Concentrations of solutes are plotted along the 
ordinates, volumes of fluid phases along the abscissas, 
therefore areas represent amounts of solutes. Cation: 
anion patterns are superimposed on the area of each 
fluid phase. Cross-hatched area indicates solutes no 
longer osmotically active. Broken lines indicate ap- 
proximate normal dimensions of the body fluids. 

Sodium and chloride were lost from the extra- 
cellular phase, potassium entered the intracellular 
phase, water was lost from both phases, and a large 
amount of intracellular solute became osmotically 
inactivated. 


level of about 70 ml. per minute.”> Although the 
chronic and acute clearances of endogenous 
creatinine were somewhat lower than the corre- 
sponding acute clearances of inulin, the data 
indicate that the glomerular filtration rate in 
all of these patients was below or in the vicinity 
of the “critical” level mentioned above. 
Transfers of intracellular fluid clearly were 
involved in the removal of the edema from these 
patients. Water was lost from cells and con- 
comitantly potassium, when given, was taken 
up. This would appear to be a paradoxic situa- 
tion, especially since intracellular sodium was 
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not lost in equivalent amounts. Our interpreta- 
tion of these findings is that the change in total 
osmolarity must have been the result of some 
process of osmotic inactivation within the cell. 
The nature of such process can only be con- 
jectured at present, but it is not inconceivable 
that it is due to changes in size and degree of 
dissociation of various potassium phosphate 
and proteinate molecules which take place dur- 
ing processes of cellular metabolism. This hy- 
pothesis of changes in intracellular osmolarity 
has not been completely substantiated but the 
sheer magnitude of the discrepancy between 
water shifts and cation transfers demands some 
explanation other than error in observation or 
-alculation of the data. Previous work?!: ?° and 
other workers*’-** have found evidence of such 
a phenomenon in other conditions. 
The loss of intracellular water, whatever the 
cause, by these patients would hardly fit in 
with the theory suggested in the first paper! 
that intracellular dehydration might stimulate 
the production of antidiuretic hormone (ADH). 
It is probable that prior to the diuresis the cells 
of the body and the osmoreceptors were over- 
hydrated and antidiuretic hormone production 
inhibited to such an extent that an effective 
stimulation of antidiuretic hormone did not 
take place during the diuresis. No evidence is 
presented, of course, that the antidiuretic hor- 
mone played any abnormal role in the water 
transfers of these patients. But aside from a 
possible effect on a specific cellular locus (the 
osmoreceptors of the posterior pituitary), this 
evidence of large changes in the osmolarity of 
intracellular solutes lends support to the thesis 
presented in the first paper! that modifications 
of cellular functions are involved in the patho- 
genesis of congestive failure. 

In conclusion, the exchanges in these patients 
‘an be regarded in two ways. It can be con- 
sidered that the exchanges represent the result 
of an abnormal stress placed upon the body by 
mercurial drugs or other unidentified diuretic 
factors, or they can be taken to represent the 
correction of an abnormal pattern of body fluid 
distribution already existing in the body. If 
the latter interpretation is accepted, the follow- 
ing attributes of that abnormal pattern may be 


2 Squires, R. D., Sincer, R. B., Morrirr, G. R 


defined: (1) excess of extracellular water, 
sodium, and chloride, (2) deficit of total intra- 
cellular potassium, but (3) increased osmolarity 
of solutes remaining in cells, and hence (4) 
excess of water within the cells.* 


SUMMARY AND CONCLUSIONS 


Six studies in five patients with edema cue 
to cardiac failure were conducted during par‘ ial 
or complete diuresis of their edema. By me:ns 
of the balance technic exchanges were calcu- 
lated of water, sodium, and potassium between 
the several phases of body fluid. 

Large amounts of water, sodium, and 
chloride were lost from the extracellular phase, 
Chloride tended to be excreted in equimolar 
proportions to sodium. 

Water was lost from, and potassium was 
taken up into, the intracellular phase of body 
fluids. Osmotic activity of solutes within the 
cells appeared to be decreased. 

It is concluded that the intracellular phase 
shares in the body fluid abnormalities of con- 
gestive heart failure, and that these intracellu- 
lar abnormalities consist of potassium deple- 
tion, increased osmolarity of solutes present, 
and overhydration. 
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Venous System of the Myocardium with Spe- 
cial Reference to the Conduction System 


By Raymonp C. Truex, Pu.D., AnD Martin J. Scowartz, B.S. 


Myocardial veins and sinusoids of the right atrioventricular junction of the heart were studied in 
serial section, and their relations to the common conduction bundle and nodal tissues were ana- 
tomically demonstrated by wax model reconstructions. It is suggested these venous channels may 
well explain the complete, but transient, bundle block of children observed in certain toxic dis- 
eases. On the other hand, the same sinusoids functioning as capillaries may nourish the bundle 
tissues in older decades, thus explaining the low incidence of bundle block in cases of gradual 
coronary occlusion. The possible role of these vessels to the intercoronary circulation is discussed. 


HE AUTHORS, long interested in the 

conduction system of the heart, found 

that few recent attempts have been made 
to evaluate and correlate the research findings 
from the several scientific fields of interest.' 
In the present study they have therefore at- 
tempted further to correlate certain well known 
clinical observations on the heart with lesser 
known facts to be found in the journals of anat- 
omy, physiology, and pathology. — 

In the recent literature Glomset, Glomset 
and. Birge?~ have denied the morphologic ex- 
istence of a conduction system in the hearts 
of the ungulates, dog and man, whereas the 
studies of Truex and Copenhaver,®* Nonidez,’ 
Walls,®: ° Robb, Kaylor and Turman,'® Stotler 
and McMahon," and Baird and Robb” have 
presented convincing structural evidence that 
a specialized conduction system exists in the 
hearts of these animals. 

In the pursuit of these studies on the conduc- 
tion tissue in young and adult animals, the 
present authors were impressed by the large 
number of irregular venous sinusoids which 
either accompanied or traversed the common 
bundle of conduction tissue. We have observed 
such vessels in serial sections of the hearts of 
five adult dogs, 10 newborn puppies, seven hu- 
man fetuses (from four to eight months of ges- 
tation), and two human newborn. 

Special attention was directed toward these 


This study was supported by U.S. Public Health 
Grant H-321. 

From the Division of Anatomy, Hahnemann Medi- 
cal College, PI iladelphia, Pa. 
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venous channels, for we believe they may serve 
as avenues for the dissemination of circulating 
toxins into the common bundle in certain dis- 
eases. Indeed, it is not uncommon to find re- 
ports in the clinical literature of common bun- 
dle block in diphtheria,” scarlet fever,”” 
rheumatic fever, endocarditis, streptococcus in- 
fections,’” uremia,” hemachromatosis,” epi- 
demic parotitis,°° and amebic hepatitis.*! Al- 
though Reid" noted two cases of permanent 
heart block 19 and 42 years after diphtheria, 
most of the patients included in the above 
reports had transient common bundle blocks 
which lasted only a few days. These authors 
explained the attendant heart blocks as due to 
circulating toxins,”°: **: 8: *! myocardial pathol- 
ogy of a vascular nature,”°: * pathologic infil- 
tration of the common bundle” or increased 
vagal tone.”® 

Brody and Smith?® found heart lesions of 
varying severity in over 90 per cent of the 
hearts studied after scarlet fever and related 
streptococcus infections. Three widespread le- 
sions were described which were primarily asso- 
ciated with the endothelium of the capillaries 
and veins. The most common lesion was a lym- 
phocytic and plasma cell infiltration beneath 
the ventricular endocardium, or about the en- 
dothelium of the coronary veins and thebesian 
vessels. Inasmuch as the venous channels in- 
volved are closely related to the common bun- 
dle of conduction tissue as it passes through, 
and courses superior to, the fibrous ring of the 
right atrioventricular orifice, a more detailed 
anatomic description of these vessels is in order. 


Circulation, Volume IV, December, 1951 
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The all-inclusive term “‘thebesian veins” is a 
most unfortunate one, for it does not denote a 
precise morphologic entity and is currently used 
by many to describe all venous channels exclu- 


sive of the cardiac veins and coronary sinus. 


In the latter sense it is a “system” consisting of 
both myocardial veins and sinusoids. Both of 
these venous channels are abundant and anasto- 


ter. Similar measurements in the adult dog 
hearts demonstrated sinusoidal diameters of 49 
to 75 microns (range 18 to 150 microns), while 
most of the sinusoids of the human fetuses were 
between 60 and 90 microns (range 30 to 175 
microns). Although the luminal diameters «f 
these myocardial sinusoids attest to their large 
-aliber and capacity to transport blood, it must 


Fia. 1 (left). Myocardial sinusoids crossing the fibrous ring of heart enroute to the coronary sinus 
(CS). RA, cavity of right atrium; LV, myocardium of left ventricle. Human fetus of 4.5 months cut 
in sagittal plane. C. R. 160 mm. Hematoxylin and eosin. X 200. 

Fia. 2 (right). Same specimen as figure 1 with higher magnification to demonstrate endothelial walls 
of three myocardial sinusoids (VS). CT, conduction tissue; FR, fibrous ring; LV, left ventricle. 


x 420. 


mose with each other freely at the right atrio- 
ventricular junction where they are intimately 
related to the common bundle of conduction 
tissue. 

The sinusoids are extremely irregular in 
shape, with numerous dilations. Ocular mi- 
crometer measurements of the sinusoids in new- 
born puppies demonstrated luminal diameters 
ranging from 18 to 106 microns although most 
of the sinusoids were 40 to 50 microns in diame- 


be remembered that they are dilated in some 
areas and constricted in others. For example, in 
an adult dog we have observed the same sinu- 
soid in one serial section with luminal diame- 
ters of 21, 54 and 85 microns respectively. 
The larger venous channels possess all the 
histologic features of thin-walled veins, whereas 
the sinusoids consist of nothing more than a 
single layer of endothelial cells. This is well 
demonstrated in figure 1, which shows a vein 
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lelow the coronary sinus (CS) in contrast to 
three sinusoids located immediately above the 
(\brous ring. The endothelial nature of these 
“inusoids is shown under higher magnification 
in figure 2. 

Inferiorly the venous channels are continuous 
‘ith similar vessels of the myocardium of the 
i iterventricular septum and adjacent portion 


into the right atrial cavity as shown in figures 3 
and 4; anastomose with the epicardial veins on 
the posterior surface of the left ventricle; or, as 
is most common, empty into the coronary 
sinus. 

In order to demonstrate more clearly the in- 
tracardiac relations of these venous sinusoids 
to the conduction tissue, the authors made pro- 


Fia. 3 (left). Myocardial sinusoids inferior to the fibrous ring in the interventricular septum (IS). 
Other sinusoids are to be seen superior to the fibrous ring at its junction with the interatrial septum 
(IAS). RV, right ventricle; TV, tricuspid valve; CB, common bundle tissue in interventricular 
septum. Human fetus of 6 months cut in frontal plane. C. R. 210 mm. Azan stain. X 100. 

Fic. 4 (right). Same specimen as figure 3 with higher magnification. Note thin endothelial walls 
and variation in size of the myocardial sinusoids (VS) which are partly or completely filled with blood. 
After anastomosing with the larger sinusoid in this field the sinusoid in the upper right area is seen to 
open into the right atrial cavity immediately superior to the tricuspid valve. CT, conduction tissue 


lying above the fibrous ring. X 350. 


of the left ventricle. These vessels ascend in the 
inner myocardium or subendocardial region to 
cross the fibrous ring in intimate relationship 
with the common bundle as pointed out above. 
Other thin-walled veins have been observed as 
they crossed the fibrous ring independently, and 
and then anastomosed freely with sinusoids 
accompanying the conduction tissue. 

Superior to the fibrous ring the sinusoids 
may terminate in either of three ways: directly 


jection drawings and wax model reconstruc- 
tions from the serial sections of two human 
fetuses. Drawings of these wax models are 
shown in figures 5 and 6. 

Human hearts of this age frequently fail to 
demonstrate a well differentiated conduction 
system, but one can determine the common 
bundle in serial sections by its course, related 
structures, and lighter staining reactions. 

It will be noted in figure 5 that three veins 
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were selected crossing the fibrous ring and in- 
cluded in the model, while only two were incor- 
porated in the model shown in figure 6. In both 
instances many additional arterial and venous 
vessels were present in the serial sections but 
were omitted to facilitate the mechanics of 
model construction and preserve simplicity. 
It will be noted in figure 5 that the venous 
sinusoids (VS) form a wide anastomotic chan- 
nel as they course through the main bundle of 
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The authors were impressed by the number 
of autonomic ganglion cells frequently observed 
in close association with these sinusoids, often 
embedded in the substance of the atrioventricu- 
lar node itself. Such neurons were observed as 
individual cells scattered along the atrioven- 
tricular junction, or more commonly as small 
discrete ganglions. These relations are particu- 
larly well demonstrated in figure 7 which is a 
drawing of the conduction tissue at the juncture 


VEIN TERMINATING 


7 RIGHT ATRIUM 


am ENDOCARDIAL SURFACE 
OF RIGHT ATRIUM 


COMMON BUNDLE 
(CONDUCTION TISSUE) 
NEAR A-V NODE 


VEINS FROM 
VENTRICULAR 
MYOCARDIUM & SEPTUM 


Fic. 5. Drawing of a wax model reconstruction showing the course and relationships of three veins 
which cross the fibrous ring, traverse the substance of the common bundle as sinusoids (VS) and ter 
minate in the coronary sinus and lumen of the right atrium. f indicates junction of fibrous ring and 
endocardium of right atrium. Human fetus of 4.5 months. C. R. 160 mm. 


conduction tissue to terminate superiorly in the 
right atrial cavity and the coronary sinus. 

A similar but more extensive sinusoidal net- 
work (VS) is shown within the common bundle 
in figure 6. This model, made from the heart of 
a 6 month old fetus and comprising 90 serial 
sections, demonstrates an elaborate anas- 
tomotic pattern between sinusoids and large 
communicating veins which ultimately termi- 
nate in the coronary sinus. Although not in- 
cluded in these two models we have also ob- 
served anastomoses between the sinusoids, 
capillaries, and terminal arterioles. 


of the common bundle (to the left) and the 
atrioventricular node (to the right). In this 
figure, one can see three larger groups of gan- 
glion cells, while two smaller groups of nerve 
cells to their left are not labeled. One can also 
observe the darker bundles of nerve fibers cours- 
ing through the nodal tissue en route to and 
from the ganglionic masses. Two larger sinu- 
soids are identified (S) while the smaller sinu- 
soids are unlabeled. Note the close proximity 
of these wide vascular channels to both the 
conduction tissue and neural elements of the 
heart. With the vascular relations shown in fig- 
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we 7 it is not difficult to conceive of toxic sub- 
stances having ready access to either of these 
to essential elements, both of which are capa- 
bie of producing marked changes in the electro- 
e:rdiogram. 


DiIscUSSION 


Anatomically the common bundle of conduc- 
tion tissue has a closely related network of ir- 


CORONARY SINUS 


COMMUNICATING VEINS 


FIBROUS RING OF RIGHT 
ATRIOVENTRICULAR 
JUNCTION 


COMMON BUNDLE 


(CONDUCTION TISSUE) 


NEAR A-V NODE 


proof of this statement must await the outcome 
of further investigation which is now in prog- 
ress. 

Further proof that such venous channels are 
involved in scarlet fever has been presented by 
Brody and Smith.?° It is not surprising that 
these authors demonstrated their sharpest le- 
sion (see figure 2 in their paper) surrounding 
an endothelial sinusoid at the atrioventricular 


ENDOCARDIAL SURFACE 
OF RIGHT ATRIUM 


VEINS FROM VENTRICULAR 
MYOCARDIUM & SEPTUM 


Fia.6. Drawing of a wax model reconstruction showing course and relationships of two myocardial 
veins which cross the fibrous ring, form a sinusoidal network (VS) within the substance of the common 


+ 


bundle, and after anastomoses with numerous communicating veins terminate in the coronary sinus. 
t indicates junction of fibrous ring and endocardium of right atrium. Additional sinusoids within 


the bundle (not shown in the model) anastomosed with the communicating veins at the point indi- 
cated by an asterisk (*). Human fetus of 6 months. C. R. 210 mm. 


regular venous channels in its course superior 
to the fibrous ring. In addition one also observes 
some arterioles and capillaries. We believe that 
such endocardial and bundle vascularity may 
be undesirable in certain toxic diseases, since 
it offers ample opportunities for a circulating 
toxin to affect either the conduction tissue, or 
neural elements. Most of the ganglion cells 
shown in figure 7 are presumably the cells of 
origin of postganglionic vagal -fibers, although 


junction. Whether discrete lesions in this are¢ 
are consistent we cannot say. In similar man- 
ner we do not know the pathologic nature of 
the lesion, for to the best of the authors’ knowl- 
edge, this area of the heart has not been studied 
in an extensive series following toxic diseases. 
It is hoped that future clinical-pathologic stud- 
ies and experiments now being undertaken will 
cast some light upon the nature of the lesion. 

The natural question that comes to mind is. 
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‘an such a venous sinusoidal system play an 
active role in normal myocardial circulation? 
Affirmative experimenta! evidence that such is 
the case has been presented in the excellent 
studies of Batson and Bellet.*? These authors 
performed several interesting perfusion experi- 


ments in the dog utilizing minute glass beads, 
‘carborundum powder, and commercial flake 


simulating double coronary artery occlusion 
they further conclude, ‘‘With a low pressure in 
the capillary bed, flow in the veins during atrig| 
systole is probably toward the capillary bec, 
the capillary bed being emptied during the er 

suing ventricular systole. In arterial occlusio 
this would give a flow and ebb circulation for 
the myocardial capillaries by way of the veins.” 


NODAL FIBERS 


Fic. 7. Drawing of the conduction tissue at the junction of the common bundle (to the left) and 
atrioventricular node (to the right). Note the variation in size of the numerous sinusoids. The two 
largest sinusoids (S) and arteries (A) are indicated. Three groups of autonomic ganglion cells are 
identified, while two smaller unlabeled groups may be seen to their left. Note the darkly stained nerve 
fibers located within the nodal tissue. Heart of newborn puppy. Cajal silver stain. 


graphite. Their results demonstrated that ve- 
nous pressures within the range of pathologic 
heart conditions could cause a reversal of flow 
in the heart veins. In a similar way they found 
that a falling arterial pressure and an increased 
intra-atrial pressure result in a reversal of flow 
on the venous side with recovery of the graphite 
suspension in the coronary sinus, coronary and 
cardiac veins. As a result of their experiments 


Thus the sinusoidal system which is impli- 
cated in the common bundle block of infectious 
childhood diseases now appears to assume an 
active beneficial role in the older decades in 
which arterial occlusion becomes most preva- 
lent. Although this role of the myocardial sinu- 
soids is beyond the scope of the present com- 
munication, we wish to emphasize their relation 
to the common bundle and to the problems of 
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intercoronary circulation. For a more complete 
discussion of the coronary arteries and veins, 
tue reader is referred to the fascinating papers 
of Wearn and his colleagues,” ” Kugel,” Meek, 
Kxeenan and Theisen,** Moore, Batson and 
lsellet,®? Gross and Kugel, Gregg and Shipley,*! 
“tenstrom,” Vineberg and Niloff,*? Beck and 
co-workers," and Helmsworth and asso- 
ciates.*? 

In figure 8, we have rearranged a schema 
hhased on the work of Wearn, Mettier, Klumpp 
und Zschiesche*®® to demonstrate the relations 
of the described sinusoids and common bundle 
(see figures 5 and 6) to the remainder of the 


tions the blood flow might well be in a reverse 
direction to that now indicated by the broken 
lines in figure 8. For example, it is interesting 
to speculate that such a reversal of flow may 
account for the low incidence of heart block ob- 
served following the gradual occlusion of the 
coronary arteries. It is equally possible that 
such sinusoids, functioning as capillaries, ac- 
count for the favorable results and low inci- 
dence of heart block in experimental animals 
following arterialization of the 


coronary 
: 42,51 
sinus. 


Heart block is not frequently en- 
countered after the above procedure in dogs 
even though the major portion of the left coro- 
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Fig. 8. Schema modified after Wearn, Mettier, Klumpp and Zschiesche.*5 See text for discussion. 


Solid lines and arrows indicate above authors work, dotted lines represent 


investigation. 


cardiac circulation. Solid lines represent the re- 
sults of the above authors, while the broken 
lines indicate vascular communications de- 
scribed by the present authors. We are confident 
the myocardial sinusoids of Wearn and his as- 
sociates are identical with the sinusoidal system 
related to the common bundle above the atrio- 
ventricular junction and we have so indicated 
in figure 8. 

We have drawn the dotted arrows to indicate 
structural termination of the myocardial sinu- 
soids in the cardiac veins, coronary sinus and 
right atrium. If, however, one is aware of the 
tremendous arterial, capillary, sinusoidal and 
venous anastomosis in the myocardium, it is not 
improbable that under certain’ cardiac condi- 


results of this 


nary artery is subsequently ligated.*? Should 
such atrioventricular sinusoids convey the ar- 
terial blood in a reverse direction from the 
coronary sinus, they would serve as shunts to 
that portion of the ventricular myocardium 
which normally possesses the most abundant 
arterial blood supply, namely the left ventricle 
and interventricular septum.“° 

Additional evidence that such deeply located 
sinusoids may nourish the conduction tissue 
and serve as subendocardial vascular shunts is 
found in the recent studies of Gregg and Ship- 
ley.*1 These authors experimentally deprived 
the heart of all venous drainage pathways ex- 
clusive of the thebesian vessels by occluding all 
grossly visible cardiac and extracardiac veins 
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and the coronary sinus. In these acute experi- 
ments the heart continued to beat for at least 
two hours, but with a gradual fall in blood 
pressure. Postmortem examinations uniformly 
revealed extensive hemorrhage throughout the 
entire thickness of the right ventricular wall. 
The left ventricular wall was similarly affected 
except that its inner third and the ventricular 
septum appeared normal. The normal appear- 
ance of atria, left ventricle and basal septum 
led these authors to conclude that these por- 
tions of the heart may have a separate venous 


drainage system, possibly involving thebesian 


channels. Similar areas of anastomoses at the 
junction of septal and ventricular myocardium 
were demonstrated in the dog experiments of 
Batson and Bellet® (see figures 4 and 5 of 
these authors). 

Further experiments are now being under- 
taken in this laboratory in an attempt to deter- 
mine the site of selective action of certain tox- 
ins, as well as the major communications of the 
larger venous channels. 

SUMMARY 

Myocardial veins and sinusoids have been 
anatomically demonstrated at the atrioventric- 
ular junction which are intimately related to 
the common bundle of conduction tissue and 
atrioventricular node. The morphologic struc- 
ture and distribution of such venous channels 
indicate that they may well play important 
physiologic roles in certain pathologic condi- 
tions. 

It is suggested that the thin-walled venous 
sinusoids may serve as avenues for the dissemi- 
nation of toxins into the common bundle in 
man, and thus explain the transient heart 
blocks observed in certain childhood diseases. 
The relationships of conduction tissue, auto- 
nomic ganglions and vascular structures are 
demonstrated and discussed. 

It is further suggested that these venous 
structures may play a significant role in inter- 
coronary circulation in the older decades in 
man. They may also explain the low incidence 
of common bundle block following gradual and 
acute occlusion of the coronary arteries. 
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In Vitro Studies of the Coronary Arteries of 
Man and Swine as Demonstrated by a New 


Technic, Angioplethysmokymography 


By Durwoop J. Smriru, M.D., Jerome T. Syverton, M.D., Anp JosepH W. Coxer, M.D. 


A new in vitro technic for the study of isolated surviving arteries and veins is described. Observa- 
tions of the reactivity of 21 human and 68 swine coronary arteries to histamine, acetylcholine, 
l-epinephrine and /-norepinephrine are reported. Histamine and acetylcholine uniformly caused 
vasoconstriction of the coronary arteries of man and swine. Three potential mechanisms of coronary 
artery vasoconstriction in these species are suggested. The blocking action of antihistaminie drugs 
on vasoconstriction due to histamine, and of atropine on vasoconstriction due to acetylcholine is 
demonstrated. It is suggested that combined therapy with these drugs may be useful in treatment 


of diseases of the coronary arteries. 


ARLY in the course of an experimental 
approach to the study of the vascular 
system in rheumatic fever and allied 

hypersensitive states, the need became ap- 
parent for a method whereby segments of 
blood vessels might be assessed for their im- 
mediate reactivity to various stimuli. It was 
required that such vessels remain intact as to 
their constituent layers and at the same time be 
uninfluenced by extravascular stimuli. 

Hitherto information relating to the re- 
sponses of blood vessels has been accumulated 
from the application of a variety of technics'~’ 
which, for the most part, fall into four cate- 
gories: (1) measurements by some variation of 
the Schultz-Dale!: *: 4 technic of the reactivity 
in vitro of strips of arterial tissue? * 5%; (2) 

From the Departments of Medicine, Bacteriology 
and Physiology, University of Rochester School of 
Medicine and Dentistry, and the Medical Clinies of 
the Strong Memorial and Rochester Municipal Hos- 
pitals, Rochester, N. Y. 

These studies were aided by a research grant from 
the Masonic Foundation for Health and Human Wel- 
fare and the Hochstetter Fund (D. J. Smith) and by 
a contract between the University of Rochester and 
the Office of Naval Research, Department of the 
Navy (NR-130-762). An Experimental Study of the 
Etiologic and Immunological Basis for the Rheu- 
matic Fever Complex (J. T. Syverton). 

Dr. Syverton was associated with this investiga- 
tion during the developmental phase of the project; 


Dr. Coxe, during the collection of the experimental 
data presented. 


890 


organ perfusion technics’; (3) microscopic 
observations in vivol—'®; (4) histologic anal- 
yses."-* Each of these technical approaches 
has yielded definite, but limited, information. 

The arterial strip technics have been most 
commonly employed. Since Meyer in 1906 
utilized arterial strips suspended in an oxy- 
genated bath for assessing by kymographic re- 
cording the effect of epinephrine on isolated 
arterial tissue, and Schultz in 1907’ recorded 
his observations of spasmic arterial contracture 
in sensitized animals, arterial tissues have been 
tested for contractility. Generally the Dale 
apparatus’ has been used, employing longitudi- 
nal strips of arterial tissue,':*:* narrow cross 
sections of arteries united in chain formation 
by sutures,” >» § and long spiral strips of arterial 
wall.”;® Each variation in this technical ap- 
proach is useful for the direct testing of the 
smooth muscle of the arterial wall to pharma- 
ecologic and antigenic stimuli. None yields, 
however, information on what happens when 
the agent is contained within intact vascular 
endothelium, because through incision of the 
vascular wall the agent under test is brought 
into direct contact with all three vessel coats. 

The second technical approach, perfusion 
of organs, is also a commonly employed physio- 
logic method for evaluating the effects of sub- 
stances on the vascular system.°-” By these 
perfusion technics such indirect evidence as 
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variation in volume of the whole organ, varia- 
tions in pressure required to start a flow through 
al organ, and variations in the rate of flow 
through that organ is adduced as indicative 
alteration in the caliber of the vessels. Such 
vethods, however, reflect not only changes in 
ierial caliber, but also the response of the 
»pillaries, the veins and, indeed, of the entire 
pgan. The errors inherent in the organ per- 
sion technie for the study of arterial re- 
activity were early recognized.® 

Microscopie observations of tissues and 
organs in vivo, using a variety of methods, is 
the third commonly used experimental method. 
These observations may be made by study of 
the skin or fingernail’; by micromanipulation 
methods"; or by the moat-chamber technic 
of Abell and Clark." '® Each of these methods 
has yielded valuable information relative to 
the reactivity of the capillary bed, arterioles 
and venules, yet none can give us decisive 
information relative to the reaction of the ar- 
teries and veins per se. 

The fourth experimental approach, histo- 
logic analysis, has recently been given new im- 
petus for its application as a measuring stick 
of the changes that occur in vessels."—*" This 
approach, by making permanent alterative 
changes which must be interpreted in retro- 
spect, is limited in its application. 

No one of these experimental methods ful- 
filled the dual requirements considered pre- 
requisite to the study contemplated, namely, 
(1) that the vessels remain intact as to their 
constituent layers, and (2) that they must be 
uninfluenced by extravascular stimuli. 

This paper is intended to describe in detail 
the construction and operation of the apparatus 
finally adopted and to report the results ob- 
tained by its use when such stimuli as hista- 
mine, acetylcholine, /-epinephrine, and l[-nor- 
epinephrine, were applied to the isolated sur- 
viving coronary arteries of man and swine. 


APPARATUS 


The apparatus was designed to record changes 
in the volume of vascular segments per unit of 
time; hence its name, angioplethysmokymograph 
(APKG). 

The apparatus was constructed as-a unit of four 
sections: (1) a plethysmographic chamber, in which 


a section of artery or vein is mounted to demonstrate 
but not to record changes in vascular volume; (2) 
a system which makes possible perfusion of the 
vascular segment with various solutions under con- 
stant conditions of pressure, oxygenation and rate 
of flow; (3) a temperature control system for main- 
taining, at a constant temperature, the vessel, the 
plethysmographic chamber and the perfusates; (4) 
a recording device, which registers photographically 
the changes in volume of the arterial segment per 
unit of time. 

The plethysmographic chamber (A, fig. 1) was 
constructed from three standard pieces of glass- 
ware; a 0.2 ml. pipet graduated in 0.001 ml.; a 


Fig. 1. A line drawing of the perfusion system to 
show the component parts. A. Plethysmograph show- 
ing an artery mounted in the specimen chamber at 
the bottom. It is filled with Tyrode’s solution as indi- 
cated by the crosshatching. B. Aspirator bottle (4 
liter capacity). C. Warming coil. D. Manifold. EZ. 
Modified T tube for injecting test doses into per- 
fusate. F. Outlet line. 


T-shaped, 2 mm.-bore, three-way stopcock; and a 
T-shaped specimen chamber with its open ends 
flared to accommodate rubber stoppers (size 00). 
The horizontal arm of the T tube constituted the 
specimen chamber. The perpendicular arm of the 
T tube was attached to one arm of the three-way 
stopcock and a 0.2 ml. pipet was fused onto the 
opposite arm. The pipet was bent parallel to the 
specimen chamber to obviate any variation of the 
external pressure (about 20 mm. Hg) on the vessel 
segment as the column of fluid in the pipet varied 
in response to changes in vascular volume. Spinal 
and long intramuscular needles ranging in size from 
13 to 19 gage and grooved near the ends, were 
employed as cannulas on which to mount the vessel 
segments. The points were filed from the larger 
needles, whereas the bevel on smaller needles was 
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partially retained to permit more ready insertion 
into small arteries. 

The perfusion system (fig. 1) consisted of three 
aspirator bottles (B, fig. 1), each of four liter capac- 
ity, which were elevated above the specimen cham- 
ber to provide for the arterial segment an inflow 
pressure of approximately 80 mm. Hg. The volume 
of flow was controlled by the diameter of the can- 
nulas and by a needle in the outflow line (F, fig. 1). 
A special manifold with three three-way stopcocks 
(D, fig. 1) made possible the use of different test 
solutions. The insertion into the inflow line of a 
small T tube with one arm cut short and covered 
with a rubber diaphragm (E, fig. 1) made it pos- 
sible to inject small amounts of test solutions 
directly into the perfusate. The inflow and outflow 
lines were connected to the cannulas by needle adap- 
ters. The distal end of the outflow line was connected 
to an inverted Y tube elevated above the specimen 
chamber at a height equivalent to 30 mm. Hg to 
simulate the “capillary” end of the artery and to 
break the siphon effect which would otherwise exist. 
A warming coil (C, fig. 1) was interposed in each of 
the lines running from the perfusion-fluid bottles 
to the manifold. These coils were kept close to the 
bottom of the bath and equidistant from the heating 
element to ensure a constant and uniform tempera- 
ture. The rubber tube leading from the manifold 
to the input cannula was kept short, so as more 
accurately to relate the response to successive test 
solutions by minimizing the time-lag between a 
change of perfusate at the manifold and its first 
contact with the endothelium of the vessel under 
test. Each bottle of perfusate was kept oxygenated 
by a continuous flow of 5 per cent carbon dioxide 
in oxygen. The temperature control system consisted 
of a constant temperature bath (37.5 C. + 0.01 C.). 

Changes in arterial volume, measured in cu. mm., 
can be readily recorded by direct observation, but 
this method proved tedious. Accordingly, a more 
satisfactory and efficient technic for recording 
changes in vascular volume was achieved by in- 
corporating a photographic unit in the system, as 
depicted in figure 2. This was done by recording at 
15 second intervals on photographic paper* mounted 
in a slowly revolving drum camera the image of the 
column of fluid in the pipet. The curve of the pipet 
served as the “lens” of the optical system. This 
lens was focussed on the photographie paper and 
an exposure of about 0.8 second was effected by 
means of a slit in a dise which revolved in the light 
beam. This amount of exposure sufficed for record- 
ing the image and the 0.001 ml. graduations. Thus, 
the method, by recording the changes in volume 
per unit of time and the graduations of the standard 
pipet, provided at all times for accurate calibration 


*Procured from Eastman Kodak Company, 
Rochester, N. Y. Kodak Electrocardiograph Paper. 
#797. 200 foot roll, 15 em. wide. 


of the apparatus. By using a drum camera which 
revolved once in two and one-half hours, the results 
of experiments were recorded as a continuous cx- 
perience. The development of a recording system 
which would employ a photoelectric cell and a 
cording galvanometer was considered, but it was 
not pursued because of the inescapable disadvant:¢ 
of the constant need for calibration of the record 
system. 
PROCEDURE 


1. Glassware and Perfusate. The perfusate, ¢1: 
ware and equipment were made ready by apply 
the precautions utilized in tissue culture.** A y; 
ety of physiologic solutions were found accepta 
for use. However, Tyrode’s solution* proved + 
most satisfactory. 

2. Pharmaceutical Preparations. (a) Histan 
diphosphate. A 1:1000 solution was supplied in 
ml. ampules. Doses are expressed as the salt. (}) 
Acetylcholine chloride. Ampules contained 100.0 1g. 
Dissolved in distilled water for each experiment. 
(ec) l-Epinephrine, synthetic. A 1:1000 solution ‘1s 
bitartrate) was supplied in 1 ml. ampules. Doses 
are expressed as base. (d) l-Norepinephrine, syn- 
thetic. A 1:1000 solution (as bitartrate) was supplied 
in 4 ml. ampules. Doses are expressed as base. (c) 
Atropine sulfate. U.S.P., 0.3 mg. tabs. (f) Antihis- 
taminic drugs. Of the many in use today only two 
were used: diphenhydramine hydrochloride N.N.R. 
(Benadryl) and tripeleunamine hydrochloride N. 
N.R. (Pyribenzamine). These were employed in the 
concentrations indicated. No comparative studies 
were made. 

3. Preparation of Arteries for Testing. Coronary 
arteries were obtained from healthy swine within 20 
minutes of death and from young human adults 
within three hours of a noncardiovascular death.t 


* Formula for modified Tyrode’s solution: 
Sodium chloride (NaCl) 8.00 Gm. 
Potassium chloride (KCl) 0.20 Gm. 
Caleium chloride (CaCl:) 0.20 Gm. 
Magnesium chloride (MgCl.-6H.O) 0.10 Gm. 
Sodium acid phosphate 

(NaH.PO,-H.O) 0.05 Gm. 

Sodium bicarbonate (NaHCOs;) 2.00 Gm. 

Glucose 1.00 Gm. 

Water (double glass-distilled) to make 1000 ml. 
The utilization of 0.2 per cent sodium bicarbonate 
instead of 0.1 per cent sodium bicarbonate and the 
bubbling of 5 per cent carbon dioxide in oxygen 
through the Tyrode’s solution maintained the pH at 
7.4.29 This provided an oxygen concentration of 2 
vols. per cent and a carbon dioxide concentration of 
55 to 60 vols. per cent. 

7 All human tissues studied were supplied by the 
Department of Pathology, University of Rochester 
School of Medicine and Dentistry, Rochester, New 
York. Their cooperation in this study is hereby a 
knowledged. 
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Ti ese arteries were dissected from the surrounding 
tissue and each branch was ligated with silk thread. 
T! e segment for study was excised and transferred 
to a beaker of oxygenated Tyrode’s solution at 37.5 
C. The size of the cannula, already mounted in a 
nc. 00 stopper, was determined by the diameter 
of the artery for study. The point of the cannula 
w: s passed through the specimen chamber to extend 
1 -m. beyond the opposite opening, and thereupon 
it was inserted into the lumen of the arterial seg- 
ment. The arterial segment in turn was fixed securely 
to the cannula by a silk ligature, and a second can- 
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chamber, gentle suction applied to the sidearm of 
the plethysmograph by a syringe revealed any 
leaks, as shown by small air bubbles forming at the 
point of leakage. Care was taken throughout these 
operations to avoid traumatizing the arterial wall 
and to eliminate any air bubbles from within the 
plethysmographic chamber. The arterial length was 
adjusted to correspond with its original length, and 
the meniscus of the fluid in the pipet was adjusted 
toward the lower (proximal) end of the pipet. With 
these manipulations successfully completed, the 
stopcock was turned to connect the specimen cham- 


Fig. 2. A line drawing of the recording apparatus showing the light and timing unit on the left 
and the drum camera on the right. The light and timing unit consists of a 6 volt single filament auto 
headlight bulb (G-E #1134) (A) mounted in a light-tight box. A disk (B) revolving once in 15 seconds 
and driven by a synchronous clock motor (C) flashes the light onto the drum camera by means of a 
slit. The drum camera consists of a standard kymograph drum (D) mounted in a light-tight box. A 
gear drive (Z) revolves the drum. The plethysmograph is mounted on the face of the camera as 
shown above, with the specimen chamber submerged in the constant temperature bath to the depth 


shown in figure 1. 


nula was inserted and similarly attached by a liga- 
ture to the opposite end of the artery. The integrity 
o! the arterial segment was tested by passing fluid 
through the artery from one cannula to the other. 
When perfusate was not observed to escape from 
tle wall of the vessel, the cannulas and the artery 
were realigned within the chamber. Perfusate again 
was introduced to make certain that fluid did not 
escape due to the further manipulation. The plethys- 
mograph was then filled with Tyrode’s solution 
(1s illustrated by the cross-hatching in fig. 1) by 
l,osening one rubber stopper and tipping the cham- 
ler so that the air was displaced by fluid. With the 
stopper again firmly fixed in the mouth of the 


ber to the pipet resulting in the arterial segment 
being in a closed, fluid-filled, rigid container, with 
only the meniscus of the column of fluid in the pipet 
capable of reflecting movement in response to 
changes in the arterial volume. 

The glass adapters of the perfusion system were 
fitted into each of the cannulas, and the plethysmo- 
graph aligned for photographic recording as shown 
in figure 2. Readings were made until no further 
change was observed, usually within a few minutes. 
Perfusion of the vessel with standard perfusate 
resulted in a sharp increase in volume as the vessel 
filled and a continued slight increase until the tonus 
of the vessel wall was stabilized, usually in from 10 
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TABLE 1. Reactions of Swine Coronary Arteries to 
Histamine 


Reaction Produced 


Experimental Conditions 
Con- 


por’ None 
striction = 


Histamine alone 148 148 
Histamine + antihistaminic. 0 40 40 


TABLE 2. Reactions of Human Coronary Arteries to 
Histamine 


Reaction Produced 
Experimental Conditions 


Con- 
striction 


None 


Histamine alone 49 
Histamine +;antihistaminic 0 


DILATION 


CONSTRICTION 


VOLUME CHANGE IN CUBIC MM 


Time r MINUTES 


He HISTAMINE SOr H A H 
A* ACETYLCHOLINE SOY 


1. The vessels were assessed as to their re- 
action to histamine in concentrations of 
1 X 10°° to 1 X 10-%. The results of these 
studies are tabulated in table 1 (swine) and 
table 2 (human). Histamine caused consistent 
vasoconstriction in the vessels examined. Hay- 
ing first established the uniformity of respouse 
to histamine, the blocking action of typical 
antihistaminie drugs was tested. In a econcen- 
tration of 1 part per million, the antihistaminie 
drugs employed completely blocked (after 
three minutes exposure) the vasoconstrictive 
action of histamine. These studies are illus- 
trated by experiment 754 (fig. 3). 

2. The response of the vessels to acety|- 
choline in concentrations of 1 xX 10-% io 


ANTIHISTAMINIC 


Te 


H HA H 


PIG-— CORONARY ARTERY 


754 


Fic. 3. Experiment 754. During the initial control period the vasoconstriction to histamine, acetyl- 
choline and histamine were recorded. After two minutes exposure to the antihistaminic drug (Bena- 
dryl) 1 part per million, the response to histamine was less than 5 per cent of control values: after six 
minutes, the artery no longer responded to histamine and the response to acetylcholine was less than 
50 per cent of the two control values. During the final control period the vessel slowly became reactive 


to histamine. 


to 20 minutes. Photographic recording was then 
started and the vessel under study was now ready 
for intravascular challenge by the materials under 
test. 

The continuity of the intima may be disrupted 
during the course of an experiment by abrading the 
intima by means of a long spinal needle stylus 
passed through the cannula. The significance of the 
intima in modifying the responses of a vessel to 
stimuli may thus be defined. 


RESULTS 
The experiments showing the reactivity of 


coronary arteries from 21 human subjects and 
68 swine fall into three categories. 


1 X 10-* was recorded. These observations are 
tabulated in table 3 (swine) and table 4 
(human). Acetylcholine, in the concentrations 
employed, uniformly caused vasoconstriction 
of the coronary arteries of both species. The 
effect of atropine (1 part in 10 million) was 
tested. In all instances, after three minutes 
exposure of the vessel to this concentration of 
atropine the vasoconstriction to acetylcholine 
was eliminated. Atropine caused no significant 
diminution in the vasoconstriction produced 
by histamine. These studies may be illustrated 
by experiment 727 (fig. 4). 

3. The reactions of the coronary arterie 
to l-epinephrine were recorded. In_ nearly 
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ABLE 3. Reactions of Swine Coronary Arteries to fully dilated vessels the drug caused a slight 
Acetylcholine and transient vasoconstriction; whereas in 
nists iaaiiaiiih those arteries which had during perfusion as- 
sumed a certain degree of tone, vasodilation 
was uniformly produced. The action of /-nor- 
li allay ' 97 epinephrine was studied in 11 swine coro- 
etylcholine + atropine. .. 99 nary vessels which had assumed a certain 
degree of tone and in all instances vasodilation 
BLE 4. Reactions of Human Coronary Arteries to was recorded. Experiment 728 (fig. 5) illus- 
Acetylcholine trates the response of a coronary artery to 

ia Miaaiiiea l-epinephrine and /-norepinephrine. 

Experimental Conditions Total 


Con- 
striction 


Experimental Conditions 
Con- 


Cae None 
striction 


N > 
sia DISCUSSION 
Acetylcholine alone 0 


; . Previously used experimental methods for 
Acetylcholine + atropine. .. 9 


the study of vascular reactivity have been re- 


in ¢. MM. 
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DILATION 
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Fig. 4. Experiment 727. In the initial control period vasoconstriction due to histamine and acetyl- 
choline were recorded. After two minutes exposure to atropine (1 part per 10 million) the response to 
acetylcholine was less than 5 per cent of the control reaction: after five minutes the vessel failed to 
respond to this drug, even though the response to histamine was not altered. During the final con- 
trol period the artery slowly became reactive to acetylcholine again. 


120- 


DILATION 


in cusic MM 


a : i ibid i iil i a 


stiterreners areenarareseantt 


VOLUME CHANGE 


TIME IN MINUTES 
HISTAMINE  1-NOR-EPINEPHRINE 1-EPINEPHRINE 1-NOR-E PINEPHRINE 
Sor sor Sor 507 sor 
PIG —— CORONARY ARTERY 
728 


Fig. 5. Experiment 728. Histamine first produced vasoconstriction. Vasodilation was then caused 
by l-norepinephrine, l-epinephrine, /-epinephrine again and finally by /-norepinephrine. Note the 
reproducibility of responses. 
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viewed. A new* in vitro technic for the study 
of isolated surviving arteries and veins has 
been described, employing an angioplethysmo- 
kymograph. This method enables the in- 
vestigator to assess the reactivity of blood 
vessels to stimuli received through the intact 
endothelium, while being uninfluenced by 
extravascular stimuli. Furthermore it elim- 
inates the reactivity of the endothelium of the 
capillary bed which may well have differing 
contractile properties.*! 

Histamine consistently caused vasoconstric- 
tion of the coronary arteries of man and swine 
studied. These observations are in agreement 
with the results reported by Barbour*® (coro- 
nary rings of ox), Cruickshank and Subba Rau*® 
(coronary rings of man, dog, and ox), and 
Anrep* (coronary rings of ox and dog). 

Acetylcholine uniformly produced vasocon- 
striction of the coronary arteries examined. 
Previous studies of the effect of acetylcholine 
on the isolated surviving coronary arteries of 
man and swine have not been found in a search 
of the literature, although they have probably 
been accomplished. 

In those arteries, which had during perfusion 
assumed a certain degree of tone, /-epinephrine 
and l-norepinephrine uniformly produced vaso- 
dilation. These results are in agreement with 
those reported by Barbour® (coronary rings 
of ox), and Cruickshank and Subba Rau* 
(coronary rings of dog and ox). The correlation 
between the type of reaction produced by I-epi- 
nephrine and degree of vasodilation of the spec- 
imen artery is discussed in detail in a previous 
paper.*® 


Our results present further evidence to sup- 
port the view that (in man and swine) the 
adrenergic nerves are the vasodilator fibers 
of the coronary arteries, while the cholinergic 
nerves are the vasoconstrictor fibers. Further- 
more the histaminergic nerves in man and 


* An apparatus similar in some respects to this 
one was described by Gorrill,*° but no experimental 
results were presented. 

+ The experimental evidence recently presented 
by von Euler** has reemphasized the possible exist- 
ence of a histaminergic section of the autonomic 
nervous system associated anatomically with the 
postganglionic sympathetic fibers and activating 


swine are probably also vasoconstrictor in 
action. It seems reasonable to postulate that 
if coronary artery vasoconstriction does occur 
in man and swine, there are at least three poten- 
tial mechanisms: (1) vasoconstriction media: ed 
by cholinergic innervation, or (2) vasoconstrie- 
tion by histaminergic innervation, both mevh- 
anisms probably of reflex origin, (3) or dircet 
action of increased blood histaminet on the 
coronary arteries. 

The results of our experiments indicate that 
atropine (1 part per 10 million) blocks coin- 
pletely coronary artery vasoconstriction due to 
acetylcholine, and that representative aniti- 
histaminie drugs block completely coronary 
artery vasoconstriction due to histamine and 
in addition diminish the vasoconstriction 
saused by acetylcholine. 

Realizing the difficulties encountered in 
translating experimental results to clinical 
problems, we feel it pertinent to suggest that 
combined therapy with these drugs may be 
useful in treatment of disease states associated 
with evidence of reflex coronary artery vaso- 
constriction or with a significant increase in 
the blood histamine level. 


SUMMARY 


1. A new technical approach for studying 
isolated surviving blood vessels with intact 
constituent layers and independent of extra- 
neous extravascular influences is described. 

2. The reactions of 21 human and 68 swine 
coronary arteries have been studied in vitro 
by this method with the following results: 
(a) Acetylcholine uniformly caused vasocon- 
striction in the concentrations employed. (b) 
Histamine consistently caused vasoconstriction 
in the concentrations employed. (¢) /-Epi- 
nephrine caused vasodilation in the arteries 
which had assumed a certain degree of tone 


peripheral structures by the release of histamine. 
Whether vasoconstriction of these arteries to his 
tamine is due to innervation by histaminergic nerves 
or is due to a direct effect of the histamine on these 
smooth muscle cells is so far undetermined. 

t It is of interest to note that the blood histamin«: 
level is raised during certain types of stress. Thi: 
has been demonstrated in anaphylaxis,*7: ** anoxiz 
(cat®® and dog*®) and pulmonary embolism."! 
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but in the fully dilated specimens produced an 
insignificant degree of vasoconstriction. (d) l- 
Norepinephrine uniformly caused vasodilation 
o! the vessels examined (swine). 

3. Atropine (1 part per 10 million) blocked 
completely coronary artery vasoconstriction 
due to acetylcholine. Representative anti- 
histaminic drugs (1 part per million) blocked 
completely coronary artery vasoconstriction 
due to histamine. 
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Principles of a Low Fat Diet 


By E. A. Hitoreru, M.D., D. M. Hitprers, B.S., Aanp 8. M. Meuturxorr, M.D. 


From personal experience on low fat diets and through experience gained treating patients with 
low fat diets, the authors suggest that when such a diet is prescribed carefully it may be quite 
palatable and also reduce serum cholesterol concentration. The principles of a low fat diet and 
methods for making the diet appetizing are presented. Sample diet instruction sheets which can 
be individualized for different patients are also illustrated. 


GROWING body of evidence has sug- 

gested that a reduction or modification 
i in the form of the serum cholesterol 
concentration is one practical method of pre- 
venting or possibly even treating atherosclero- 
sis. Since it has been demoypstrated that de- 
creasing the amount of fat in the diet is an 
effective means of lowering the serum cho- 
lesterol concentration and certain other lipid 
components of the blood,!~® clinicians and in- 
vestigators have prescribed a variety of low 
fat diets. It is not the purpose of this paper to 
discuss the theoretic or experimental ramifi- 
cations of this subject, but rather to present 
certain principles in the formulation of a low 
fat diet found to be helpful in enlisting the 
cooperation of patients. 


COMPONENTS OF THE Dier TO ReEsTRICT 


Conflicting reports in the literature recom- 
mend restriction of animal fat or cholesterol’: * 
in order to reduce serum cholesterol concentra- 
tion, but little attention has been paid to vege- 
table fat. Animal fats, found largely in meats 
and dairy products, contain cholesterol as well 
as fat.2 On the other hand, vegetable fats, 
such as margarines, vegetable cooking oils, and 
peanut butter, are high in fat content but 
contain no cholesterol.®: 1° 

There is good evidence that, when attempt- 
ing to lower serum cholesterol concentration in 
patients by dietary means, the animal fat con- 
tent of the diet must be restricted.': 1°: 1 Also, 
in human subjects, the addition to the diet of 
vegetable fat, containing no cholesterol, will 
raise the serum cholesterol concentration.®: ™ 


From the Department of Therapeutic Research 
ind the Department of Medicine, Hospital of the Uni- 
\ersity of Pennsylvania, Philadelphia, Pa. 


Thus, restriction of both animal and vegetable 
fat seems indicated if the serum cholesterol 
concentration is to be reduced. 

It has been stated in the literature that 
human serum cholesterol concentration can be 
reduced by means of very stringent restriction 
of dietary cholesterol, i.e., diets containing less 
than 50 to 100 mg. per day." Many of these 
low cholesterol diets were actually Kempner’s 
rice diet,?:*:' which provides less than 5.0 
Gm. of fat daily.2 We have found no evidence 
that human serum cholesterol concentration 
has ever been lowered by a diet that restricts 
cholesterol alone without restricting the total 
fat simultaneously. 

However, the restriction of total fat will 
reduce the serum cholesterol concentration even 
when dietary cholesterol itself is normal in 
amount. When a normal subject who had in- 
gested 140 Gm. of fat daily was placed on a 
diet restricting total fat but containing 500 
mg. of cholesterol, his serum cholesterol con- 
centration fell significantly approximately 60 
mg. per 100 cc., although the diet restricted 
total fat only and contained normal amounts 
of cholesterol.6 This and other!-!> evidence 
indicates that the total fat content of the diet 
is amore important factor in determining serum 
cholesterol concentration than is the amount of 
cholesterol ingested. 

For these reasons and from experience gained 
in treating patients, we believe that a diet re- 
stricting total fat is a practical and effective 
dietary means of reducing serum cholesterol 
concentration. A low fat diet in most cases 
automatically restricts cholesterol ingestion, 
but the latter seems to require no special at- 
tention if the objective is to reduce serum 
cholesterol concentration. 
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GENERAL PRINCIPLES 

It is not satisfactory to apply a standard 
regimen to every patient. Individual tastes are 
so variable that it is far more effective to 
give the patient a knowledge of his dietary 
restrictions and let him adapt the prescribed 
program to his own needs. This policy is par- 
ticularly necessary if the patient eats at places 
where food cannot be specially prepared for 
him. 

In order to prevent confusion in the practical 
application of the diet at home, it is important 
to have the person responsible for the prepara- 
tion of the patient’s meals present when diet 
instruction is given. 

The amount of fat restriction needed to re- 
duce the serum cholesterol concentration varies 
in different people.': *: 5» ® One subject’s serum 
cholesterol may fall appreciably on a 60 Gm. 
fat diet. In the next case, there may be no 
change in the serum cholesterol until the 
dietary fat is less than 20 Gm. daily. 

Serial determinations of the serum cholesterol 
concentration will measure the effectiveness of 
the prescribed diet. It is our usual practice to 
start normocholesteremic patients on 25 to 
30 Gm. fat diets. In one month or more, if the 
serum cholesterol concentration has not re- 
sponded in the manner desired, the diet is 
further restricted until the serum cholesterol 
concentration is significantly reduced. In some 
cases, usually in hypercholesterolemic patients, 
we have found it necessary to restrict dietary 
fat to as little as 10 Gm. per day to obtain this 
effect. In some of these last-mentioned cases it 
has been noted that although one could reduce 
the serum cholesterol concentration by 100 to 
500 mg. per 100 ml. by such diets, normal 
values could not be reached. Generally speak- 
ing, the more severely one limits dietary fat, 
the more rapid and the greater is the reduction 
in serum cholesterol concentration. 

In calculating diets, it is usually necessary 
to have access to detailed tables in which one 
can look up the fat content of foods. Many 
texts, even some recent ones, contain tables 
that are now out of date. Although there are 
other good references, we have found reliable 
data in the tables in the most recent edition 
(1951) of ‘Food Values of Portions Commonly 
Used” by Bowes and Church."® 


Diet INSTRUCTIONS 


Tables 1 and 2 contain diet sheets which we 
have found useful in instructing patients. One 
notes in table 1 that blank spaces have been 
left in most paragraphs concerned with the 
various groups of foods that are particularly 
high in fat content. (For quantitative dsta 
see table 3). Filling these in while discussing 
the diet with the patient makes it possible to 
individualize the diet and at the same tie 
give the patient something in writing to whi-h 
he can refer. 

The first step in formulating the diet is {or 
the physician to ask the patient to submit in 
outline menu of what he eats during an avera ze 
day. Many patients will list only their three 
main meals and forget to mention snacks. Usu- 
ally, this information must be obtained through 
direct questioning by the physician. From these 
sample menus one can readily determine tlie 
food habits of the patient and those foods 
which must be limited in amount in order to 
restrict the diet to the desired number of grams 
of fat. 

For a diet containing 25 to 30 Gm. of fat 
daily the instructions from the physician to 
the patient could be as shown in the next two 
examples: 

Example A: A few patients will have no 
desire for butter or eggs. Therefore the diet 
sheet in table 1 would be filled in as below: 

Meat, Fish and Poultry: 3 servings (18 Gm. 

of fat). 

Bread and Cereal: 4 slices of bread (4 Gm.). 

Eggs: None 

Beverages: 1 qt. of a powdered milk prepa- 

ration (1 Gm.) 

Butter: None 

Salads: one tbsp. of salad dressing (6 Gm.) 

Example B: Most patients would like to have 
their fat allotment permit the use of all the 
fat containing substances in table 1. This can 
be modified as follows: 

Meat: 2 servings (12 Gm. of fat) 

Eggs: substitute (for meat, when desired) 

Bread and cereal: 3 slices (3 Gm.) 

Beverages: 1 to 2 qts. of a powdered mill 

preparation, or skim milk (1 Gm.) 

Butter: 2 pats 

Salad dressing: only when substituted fo 

the daily butter allowance. 
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Besides marking the diet sheet, the patients 
need further instructions on several very im- 
portant points. 

aravy. No natural gravy is permitted; how- 
ever certain relatively fat-free gravies can be 


“Regular gravy” very low in fat content can 
be made in the following manner: When cook- 
ing a roast, cook it for two thirds of the neces- 
sary time the day before serving. Collect the 
meat drippings and put them in the icebox 


TABLE 1.—Diet Instruction Sheet ‘‘A”’ 
Mat, Fish and Poultry 
‘our meat allowance for the day is —— servings of lean meat. See attached list. No natural gravy allowed. 
Ey or Cheese 
“ou are allowed —— medium eggs per day. One egg may be substituted for one serving of meat. Cheese may 
also take the place of one serving of meat. See attached list for amount. Cottage cheese may be used freely 
up to one-half cup. 
Vegetables, Potatoes and Potato Substitutes 
With the exception of soybeans, all vegetables and potatoes may be used as desired. When one cup of noodles, 
macaroni and spaghetti are used they must be used in place of one piece of bread. 
Fruits 
\s desired. 
Desserts 
No pastries of any kind, also no ice cream. Fruit, fruit ices, gelatin, Jello, and angel food cake are the only 
desserts permitted. 
Bread and Cereal 
You are allowed —— slice(s) of bread per day. The type of bread does not matter. Rolls and crackers are not 
permitted. Any cereal is all right except cooked oatmeal which is forbidden. Pancakes made with Aunt Je- 
mima mixes, and skim milk only can be used in place of 1 slice of bread. Size of pancake is 4 inches in diam- 
eter. 
Beverages 
Coffee without cream, tea and liquor may be used if permitted by the doctor. Milk allowance for the day is 
Butter or margarine 
Your butter allowance per day is —— standard pat(s). This may be used as you desire, on bread, vegetables, 
in cooking, etc. Jellies may be used in place of butter on your bread. 
Salads 
As you wish except for avocadoes, ripe and green olives. Salad dressing may be used as a substitute for butter. 
One tablespoon for one pat of butter. Mineral oil dressing and mayonnaise may be used freely. Sweetened 
vinegar is a good dressing for vegetable salads. 
Candies and Nuts 
Only the following candies are permitted: fondant, gum drops, hard candy, jelly beans, marshmallows, and 
cream mints. No chocolates or nuts. 
Condiments 
As desired. 
Soups 
Consomme and bouillon may be used freely. Other soups with the fat drained off may be used occasionally. 
No cream soups permitted. 
Sandwiches 
May be eaten, using some of the meat allowance for that day. Mustard may be used up to 2 teaspoons per day. 
Mayonnaise may be used if substituted for butter. Pickle relish and ketchup are helpful in making a sand- 
wich tasty and are allowed. No peanut butter sandwiches. 


made. For example, after meat has been broiled, 
roasted or pan broiled the fat can be drained 
off, and bouillon, consomme or tomato soup 
:dded to the meat in the last few minutes of 
‘ooking. The addition of flour for thickening 
the juice then makes a substitute gravy con- 
taining very little fat. 


with the roast. The day on which the roast is 
to be served, cook the roast the remainder of 
the required time. Discard the solidified fat 
from the meat drippings and make the gravy 
in the usual way from what remains. 
Substitution among the Fat Containing Foods. 
In order to prevent monotony, the patient 
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TABLE 2.—Diet Instruction Sheet “B’’ 


One Serving of Meat and Poultry (fat trimmed off, lean as possible) 


(Measurements in Inches) 


Beef Fish 
Chuck, pot roasted—1 slice—2 x 1} x } Cod Fish Cakes—1 large 
Corned, canned—1 slice—3 x 2} x } Halibut—1 piece—3 x 2x 1 
Corned, canned hash—} cup Herring, lake—1 fish 
Dried, or chipped—5 to 6 slices Salmon, chum—3 cup 
Hamburger—one small Salmon, pink or hump back—? cup 
Rib, roasted—1 slice—3 x 2} x } 
Roast, canned—1 slice—3 x 2} x } Fish Servings Equivalent to } Serving of Meat 
Round ,—3} ounces Clams, long round—5-10 
Steak, club (sirloin)—4 x 1x 1 Fresh Cod—1 piece—3 x 3 x 3 
Tongue, potted and deviled—1 rnd. tbsp. Crab, canned or cooked—§ cup of flakes 
Liver,—2 slices, 3 x 2} x 3 Flounder—2 pieces—3 x 3 x 3 
Liver, calves—2 slices, 3 x 2} x 3 Frog Legs—2-3 large legs 
Liver spread—1 rnd. tbsp. Haddock—3 pieces—3 x 3 x } 
Herring, Pacifie—1 small fish 
Pork Lobster, canned—j cup 
Bacon—broiled—1 strip—6 in. in length Oysters—5-8 medium 
Bacon—Canadian—1 slice Perch, yellow—1 medium fish 
Frankfurter—one, average size Seallops—4-6 
Ham, fresh cooked—1 slice—4 x 2} x } Shrimp, canned, drained—8-12 
Ham, deviled—1 rnd. tbsp. Smelts, raw—4-5 medium 
4 
Loin, roasted—1 slice—3 x 23 x } Swordfish, raw—1 piece—3 x 3 x 3 
Bologna—1 slice, 4” diam. x § thick White Fish, raw—1 small serving 
Liverwurst—1 slice, 3” diam. x } thick 


Ham, spiced and canned—1 slice,—3} x 23 x } Sturgeon, raw—1 piece, 3x3 x 3 


Miscellaneous 
Veal Luncheon meat—1 slice 
Breast, stewed—4 pieces, small Deviled meat—1 rnd. tbsp. 
Chop, loin, 1 chop 3” thick 
Cutlet—1 piece,—4 x 23 x 3 Cheese (1 0z. equiv. to one serving of meat) 
Leg, roasted—1 slice, 3 x 2.x } Camembert 
Shoulder, roasted—2 slices, 3} x 2 x} American Cheddar 
Edam 
Poultry and Game Gruyere 
Chicken, broiler—3} ozs. (no bone) Liederkranz 
- -anned—}3 cup boned meat Limburger 

frier, leg—33 ozs. (no bone) Mysost 

frier, breast—7 ozs. (no bone) Pabst-ett 

hen, stewed—1 slice, 33} x 2} x } Swiss 

roast—2 slices, 3} x 23 x } Velveeta 

livers—2 large Cheese Spreads 
Turkeys—roasted—3 slices,—3} x 23 x } Olive pimento 
Duck—1 slice, 33 x 3 x } Pineapple 
Quail—3} ozs. Relish 
Venison—3 slices—3} x 23 x } Roka 


Lamb 
Chop, rib—one 
Ground—1 patty 2” in diam. x 3” 
Leg, roasted—I1 slice, 3 x 2? x 


Shoulder, roasted—1 slice, 3 x 2} x } 
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TABLE 3.—Fat Content of the Foods Mentioned in Tables 1, 2 


. 6.0 Gm.* Noodles, macaroni or spaghetti, 1 cup. 

Bread, 1 slice eis 
Pancake, one Aunt Jemima (4 in. diameter). . 
Skim milk (dairy), one pint ere 
Skim milk (powdered), 1 to 2 pints........ 


1.0 Gm. 
1.0 Gm. 
.« L.06Gm. 
. 0.5 Gm. 


. 0.5 Gm. 


Meat, Fish, Poultry, one serving. 
Eve, one medium............. 6.0 Gm. 
ive ee i 6.0 Gm. 
Butter, and Margarine, one standard pat. 6.0 Gm. 
Mayonnaise or Salad Dressing, 1 tbsp.... 6.0 Gm. 


* The figure of 6 Gm. of fat per serving is an average value based upon all meats and cheeses appearing on 
the list, (table 2). 


must be given methods by which he can make 
changes in the menu, within the limits of the 
fat restriction. These are discussed in table 1, 
wider the foods involved. It should be re- 
membered that although one pat of butter 
contains the same amount of fat as one serving 
o! meat (table 3), it contains no protein and 
therefore should not be substituted for a serving 
ol meat. 

Foods that May Be Used Freely. Since fresh 
and canned vegetables and fruits (other than 
avocados), plain sugar candies, and fat free 
desserts can be used without restriction, there 
is no reason for the patients to be hungry or to 
lose weight, unless this is desired for other 
reasons. 

Foods to Avoid. In general these fall into the 
following groups: (a) fried foods, (b) fatty 
cuts of meat, (¢) cream, whole milk and their 
products, (d) concentrated vegetable oils such 
as peanut butter, shortening, mayonnaise, and 
similar substances, (e) avocados, nuts, olives, 
and soy beans. 

Precautionary Measures. Instruct the patient 
that the family shopper should study food 
labels. If any product contains margarine, but- 
ter, shortening, oils, or eggs, or if there is any 
doubt as to the fat content, it should not 
be used. 

On extremely low fat diets, the protein and 
vitamin requirements may become a problem. 
Protein requirements may be increased by the 
use of skim milk, powdered milk preparations, 
plain cottage cheese, bouillon and consomme. 
Protenum is a good source of protein and 
contains only 2 Gm. of fat for every 42 Gm. 
of protein. If used, it should be dissolved in 
skim milk, water or some other relatively fat 
free substance. 

The level of dietary fat below which a pa- 
tient would be subject to vitamin deficiency 


is not clearly known. It would appear safest 
to add the fat soluble vitamins (water mis- 
cible preparations) to the diet when dietary 
fat is below 20 Gm. daily. 


SUMMARY 


The principles of a low fat diet and methods 
of making the diet appetizing are presented. 
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Circulation Time Determinations from the 


Right Ventricle 


By Rosert F. Zrecier, M.D. 


The determination of the circulation time from the ventricle to the face using fluorescein and ultra- 
violet light eliminates all of the variable factors from the venous side of the circulation and gives 
evidence specifically of the presence or absence of an intraventricular right to left shunt. The most 
important clinical application is the differentiation of tetralogy of Fallot from pulmonary valvular 
stenosis with an intact ventricular septum, the first requiring a shunting type of operation and the 


second a pulmonary valvulotomy. 


ETHODS, values and limitations of 

measuring the speed of the circulation 

have been discussed in previous publi- 
cations. The purpose of this report is to present 
some observations on a new application of 
these methods to the differential diagnosis of 
congenital cardiovascular defects. The technic 
referred to is the determination of the circula- 
tion time from the right ventricle to the face, 
using fluorescein and ultraviolet light. 


METHODS 


During diagnostic cardiac catheterization, with 
the catheter tip lying free in the outflow tract of the 
right ventricle (as determined by free motion of the 
catheter tip and free fluctuation of intraventricular 
pressure), 5 per cent fluorescein with 5 per cent 
sodium bicarbonate* is injected slowly in an amount 
previously calculated just to fill the entire catheter. 
An additional amount measured roughly in pro- 
portion to body weight is then injected as rapidly 
as possible and the time from the beginning of this 
injection to the first observation of fluorescence in 
the ocular or oral mucous membrane accurately de- 
termined. This constitutes the “ventricle to face” 
circulation time. Other substances might also be 
used, but fluorescein has the advantage of providing 
an objective endpoint and thus obviating any need 
for the patient’s cooperation. This dye can ap- 
parently be given safely even in large amounts, the 
only toxic effect in our experience being occasional 
vomiting. The ventricle to face circulation time has 
een determined in the manner described in a total 
«f 110 patients ranging in age from 16 days to 62 

ears and with a variety of cardiovascular ab- 
!ormalities, as shown in table 1. 

Section of Pediatric Cardiology, Cardio-Respira- 
‘ory Division, Henry Ford Hospital, Detroit, Mich. 

* Fluorescite, C. F. Kirk Co., New York 


RESULTS 


The ventricle to face circulation time in a 
group of noncyanotic congenital defects is given 
in table 2. Unless there is a large defect with 
cardiac enlargement, heart failure, or signifi- 
cant pulmonary hypertension, it might be 
reasonable to assume that the circulation times 
in these abnormalities represent fairly close 
approximations to normal for individuals of a 
comparable age. At this point it should also be 
noted that, as in normal children in whom the 
speed of the circulation is measured from a 
systemic vein, the ventricle to face circulation 
time also depends upon such factors as body 
size, red blood cell count, heart rate, and car- 
diac output. Thus anemia or tachycardia prob- 
ably explain the unusually short circulation 
times of 3.0 and 3.2 seconds, respectively, in 
one case each of patent ductus arteriosus and 
interventricular septal defect (ages 3 years and 
5.5 months). Similarly, greater age and larger 
body size undoubtedly affect the average circu- 
lation time as observed in interauricular septal 
defect. In the absence of data to the contrary 
we may assume tentatively that the normal 
ventricle to face circulation time ranges from 
4.0 to 6.0 seconds under the conditions outlined 
in this study. 

Circulation time determinations from the 
right ventricle in two major types of cyanotic 
cardiac defect are given in table 3. The first 
group includes those defects with an intra- 
ventricular right to left or venous-arterial shunt 
such as tetralogy of Fallot, Eisenmenger com- 
plex and transposition of the great vessels and 
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truncus arteriosus. The second group includes 
valvular pulmonary stenosis with an intact 


TasBLe 1.—Types of Cases, According to Age, in 
Which the Ventricle to Face Circulation Time Was De- 
termined. Using Fluorescein and Uttraviolet Light 


Diagnosis — Age Distribution 
Intracardiac Venous-Ar- 
ter?al Shunt 
Tetralogy of Fallot..... 10 3 mo.—30 yrs. 
Eisenmenger complex 5 4 mo.-4} yrs. 
Transposition......... 6 16 days-2 yrs. 


Valvular Pulmonary Ste- 

nosis... Pet wes 18 7 mo.-15 yrs. 
Intra- or Extracardiac 

Arteriovenous Shunt 

Patent ductus arteri- 


Se eee 10 3 mo.-l1 yrs. 
Interventricular septal 
defect o 10 3 mo.-32 yrs. 
Interauricular septal 
defect ibe es 8 4 mo.—59 yrs. 
Coarctation of the Aorta. 3 2 mo.-5 mo. 
Anomalous Pulmonary 
Venous Return... 6 1 4 mo.-13 mo. 
Pulmonary Arteriovenous 
Fistula... ane 1 19 yrs. 
Rheumatic Heart Disease 30 4 yrs.-62 yrs. 
Miscellaneous.......... 8 3 mo.-19 yrs. 


Total stare Rita 110 


TaBLeE 2.—Ventricle to Face Circulation Time in Cases 
of Noneyanotic Congenital Cardiovascular Defects 


Circulation Time Measured in Seconds 





Cone | Average | ioe | Soon 

Patent ductus ar- 

teriosus... 10 5.43 3.0 1 
Interventricular 

septal defect.... 10 6.08 oie 9.6 
*Interauricular 

septal defect.... 8 9.12 4.0 18.0 
Coarctation of the 

aorta p 3 4.93 1.0 5.6 

Total... 31 


* Interauricular septal defect under 20 years (5 
cases): average, 6.8; minimum, 4.0; maximum, 9.8. 
interventricular septum with or without a 
patent foramen ovale or interauricular septal 
defect. It may be seen that the average circu- 
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lation time in the presence of an intraventricu- 
lar venous-arterial shunt is only about one-|alf 
that in the absence of such a shunt. Study of 
the individual data also reveals that in the 
presence of an intact interventricular sept:im, 
the ventricle to face circulation time is seliiom 


of 


an intraventricular right to left shunt the cireu- 
lation time seldom exceeds 4.0 seconds. Several 


less than 4.0 seconds, while in the presen: 


factors, however, may result in a longer circ iila- 
tion time and thus tend to obscure the presi-nce 
of a shunt. These are polycythemia, gre:iter 
age and larger body size, poor placement of the 
‘atheter tip with slow injection of the dye, and 
decreased cardiac output. In the presence of 
cardiac cyanosis a carefully determined ventricle 


TaBLeE 3.—Ventricle to Face Circulation Tim 
Cases of Valvular Pulmonary Stenosis with an 
Intact Interventricular Septum and in Cases In- 
volving a Major Intraventricular Venous-Arterial 
Shunt with or without Pulmonary Stenosis 





it [aves] Mak | as 
Intraventricular 
venous-arterial 
shunt. . ee 21 3.5 1.8 5.8* 
Valvular  pulmo- 
nary stenosis...... 18 6.4 3.8 | 12.0 


* Two additional cases age 21 and 30 years; cir- 
culation times, 9.0 and 10.4 respectively. 


to face circulation time is therefore capable of 
differentiating between an intra-auricular or in- 
traventricular right to left shunt, a differentia- 
tion which may and frequently does have great 
clinical importance. 

In table 4 are given the results in a variety 
of conditions which illustrate a number of inter- 
esting points. In rheumatic heart disease and 
other conditions with a closed interventricular 
septum, prolongation of the ventricle to face 
circulation time beyond the normal for age 
represents either the resistance encountered in 
the pulmonary circuit (including pulmonary 
valve, pulmonary vascular bed, left auricle and 
mitral valve) or failure of the left ventric! 
In this circumstance the circulation time loses 
its specificity. In the presence of a large le't 
to right shunt either through an uncomplicate( 
septal defect or in anomalous drainage of pu'- 
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monary veins into the superior vena cava or 
right auricle the endpoint may be greatly de- 
laved by virtue of recirculation of the dye 
through the right side of the heart. This delay 
is, of course, not indicative of cardiac insuf- 
fiiency. The miscellaneous conditiens include 
primary idiopathic pulmonary hypertension, 
postoperative patent ductus arteriosus and a 
fey undiagnosed defects, and add nothing new 
to the importance of the data already described. 


TasBLE 4.—Ventricle to Face Circulation Time in a 
Number of Miscellaneous Conditions 


| No. of | | Mini- 


~ | AV Maxi 
Canes Average Si aximum 


Rheumatie heart 
ete 14. 
Anomalous _ pul- 
monary venous 
return 
Pulmonary 
teriovenous fis- 


Miscellaneous.... 


Discussion 

The clinical value of the ventricle to face 
circulation time depends upon the specificity 
with which it mirrors intracardiac function and 
the technical ease with which it can be de- 
termined. Angiocardiography, and radiocardi- 
ography to a limited extent, can claim the same 
degree of specificity by demonstrating the 
presence of an intracardiac shunt but requires 
more highly specialized equipment and involves 
a greater risk to the patient. In our experience 
cardiac catheterization, even in infants, has 
been a safe procedure and although there may 
be oceasional difficulty in catheterizing the 
great vessels, the right ventricle can almost 
always be entered with ease. From this point 
the ventricle to face circulation time can be 
dctermined easily and safely. 

Although all of the factors have not been 
studied sufficiently, the ventricle to face circu- 
lation time, like that determined in the usual 
manner from a peripheral vein, depends on 
body size, red blood cell count and heart rate 
as well as the presence or absence of cardiac 
decompensation or an intracardiac shunt. The 


ventricle to face circulation time differs from 
the standard measurement, however, in a num- 
ber of important particulars. Thus, for example, 
it obviates any errors originating locally in the 
systemic venous circulation. Among these 
might be included the following: (1) unilateral 
venous stasis due to the position of the ex- 
tremity being used; (2) unilateral venous ob- 
struction due to a cervical rib or scalenus 
anticus syndrome; (3) higher venous pressure 
and slower circulation time in the left than in 
the right upper extremity when due to an 
anomalous left superior vena cava emptying 
into the right auricle via the coronary sinus 
(this latter has been encountered fairly fre- 
quently in cases of congenital heart disease); 
and (4) superior vena caval obstruction (5) 
right auricular dilatation in the absence of right 
ventricular failure (as in auricular septal de- 
fect). The second and most important difference 
is that, while the ordinary circulation time de- 
termination may give evidence of an intra- 
-ardiac right to left shunt, the ventricle to face 
circulation time provides information by which 
the exact location of the shunt may be definitely 
stated, that is, either the auricular or ven- 
tricular level.* By a modification of the technic, 
it would also be possible to study the circula- 
tory dynamics of each lung separately by meas- 
uring the speed of the circulation from the 
catheter tip to the periphery. 

From the viewpoint of corrective surgery, 
one of the most important differential diag- 
noses to make is between a tetralogy of Fallot 
and valvular pulmonary stenosis with an intact 
interventricular septum and either a patent 
foramen ovale or an interauricular septal de- 
fect. The clinical differentiation is not always 
easy to make by the usual methods and at 
the same time necessitates the choice between 
a shunting operation of the Blalock or Potts 
type in the first instance and a pulmonary 
ralvulotomy in the latter. (It has been a tragic 


experience to see a successful shunting opera- 


* This is also claimed for the method of Bing and 
co-workers: Friedlich, A., Heimbecker, R., and Bing, 
R. J.: A device for continuous recording of concentra- 
tion of Evans blue dye in whole blood and its applica- 
tion to determination of cardiac output. J. Applied 
Physiol. 1: 12, 1950. 
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tion in a patient with pulmonary stenosis and 
an intact interventricular septum result in pro- 
gressive cardiac enlargement, congestive heart 
failure and death.) Having established the diag- 
nosis of pulmonary stenosis in either of the 
two types of cases cited, the presence or ab- 
sence of an intraventricular right to left shunt 
may be determined by the ventricle to face 
circulation time, there being an early endpoint 
in the former and a delayed one in the latter 
(table 3). Although there are probably too 
few cases for statistical significance, it would 
appear that 4.0 seconds usually marks the 
borderline between the presence or absence 
of an interventricular septal defect in combina- 
tion with pulmonary stenosis. This, of course, 
may be modified by the size of the patient and 
the degree of polycythemia or anemia present. 
Furthermore, the degree of prolongation of 
the ventricle to face circulation time may serve 
as a possible index to the degree of severity 
of the pulmonary stenosis. 

It should be added that the ventricle to face 
circulation time is of value in differentiating 
between pulmonary stenosis and other more 


complicated anomalies such as transposition 
of the great vessels and other defects, which 
include a major intracardiac right to left shunt, 
either with or without an increased volume of 
pulmonary blood flow. The procedure is of 


particular value in infants in whom the clinica] 
differentiation may be difficult and in whom 
complete cardiac catheterization data are some- 
times impossible to obtain. It is almost alw..ys 
possible, even in small infants, to advance he 
catheter tip into the right ventricle from wh ch 
point the fluorescein circulation time may be 
of diagnostic importance. 


SUMMARY 


The ventricle to face circulation time \ th 
fluorescein and ultraviolet light provides in 
easy and accurate means of determining ‘he 
presence and exact position of an intracardac 
venous-arterial shunt. 

This method is of particular value in differ- 
entiating the various syndromes involving pul- 
monary stenosis and thus clarifying the need 
for either a shunting type of operation or a 
direct attack on the pulmonary valve. 

Although there may be occasional exceptions 
as noted, 4.0 seconds defines the average limit 
between the presence or absence of an intra- 
ventricular venous-arterial shunt under the con- 
ditions outined in this study. (These occasional 
exceptions are perhaps more apparent than 
real and will be further clarified when addi- 
tional data will permit corrections for the vari- 
able factors outlined.) 





Focal Necrotizing Myocarditis without 
Interstitial Infiltration 


By Morron G. Brown, M.D., Roperr Fiensere, M.D., anp Dante, Houzman, M.D. 


Sudden death occurred in a patient considered to have a myocardial infarction. Detailed mi- 
croscopic examination revealed a focal necrotizing myocarditis without interstitial infiltration. 
The original connective tissue framework without collagen in many of the areas where muscle 
fibers disappeared precludes the term myocardial fibrosis. A pathologic classification is suggested. 


No adequate etiologic agent could be found. 


HERE are many reports in which myo- 

cardial disease of unknown etiology has 

been the sole pathologic abnormality.!: ? 
Most authors have grouped these cases of iso- 
lated myocarditis together, although many of 
the reports lack sufficient clinical and histo- 
logic detail for adequate comparison. As a result 
objections to this grouping have been re- 
corded.’-* It seems important, therefore, to re- 
port these rare cases in sufficient detail so that 
in the future they may be grouped properly. 
The following case report of myocarditis of 
unknown cause is accordingly given in detail. 


. Case Reporr 

L. H. (CVAH 21253) a white male, tool die maker, 
aged 46, was admitted to the hospital because of 
substernal pain of two days’ duration. He had had 
measles, mumps, chicken pox, and whooping cough 
in childhood. Twenty years previously a diagnosis 
of duodenal ulcer had been made. He had consumed 
large amounts of alcohol throughout many years. 
Otherwise his past and family histories were non- 
contributory. 

for seven years he had had infrequent episodes of 
substennal burning occurring at rest and on exertion, 
which lasted up to 10 minutes and were relieved by 
baking soda. During the preceding four months these 
attacks increased in frequency and severity and were 
no longer relieved by soda. Two days before ad- 
mission, after supper, he experienced a burning pain 
in the epigastrium which increased in intensity de- 
sp'te soda and an unsuccessful attempt to vomit 


From the Medical and Pathology Services, Cushing 
Veterans Administration Hospital, Framingham, 
Muss. 

Reviewed in the Veterans Administration and pub- 
lisied with the approval of the Chief Medical Direc- 
to . The statements and conclusions publis’ “' by the 
au'hors are the result of their own study ao do not 
ne-essarily reflect the opinion or the policy of the 
Veterans Administration. ; 


The pain gradually spread substernally, to the left 
axilla and down the inner aspect of the left arm. 
It was promptly relieved by an injection of morphine. 
During the next two days, there was recurrence of 
this pain on several occasions, relieved only by fur- 
ther morphine injections. 

Physical examination on admission showed a well 
developed and well nourished, but slightly cyanotic 
white man. The temperature was 98.6 F., pulse 96, 
respirations 22, and blood pressure 138/106. There 
was no distension of the neck veins. The lungs were 
clear. The heart was not enlarged. There were no 
murmurs. The remainder of the physical examina- 
tion was entirely negative. 

The blood Kahn reaction was negative, the hemo- 
globin 15.8 Gm. per 100 cc., the hematocrit 54 per 
cent. The white cell count was 5350 with a normal 
differential. The cholesterol was 231 mg. per 100 
ce. Repeated urine examinations were negative. 
X-ray films of the chest were normal. The initial 
electrocardiogram showed diphasic T waves in chest 
leads V3, Vs and V; without any displacement of 
S-T segments or abnormalities of the QRS com- 
plexes. 

The diagnosis of myocardial infarction was en- 
tertained. Treatment consisted of complete bed rest, 
oxygen, morphine, and dicumarol. However he con- 
tinued to have intermittent episodes of substernal 
pain. On the seventh and eighth hospital days he 
suffered moderately severe attacks of substernal 
pain, and on the twelfth day a markedly severe at- 
tack in which he became cyanotic, pulseless and 
suddenly expired. During his week in the hospital 
electrocardiograms made at frequent intervals 
showed deep inversion of T waves in all the chest 
leads which began to recede toward normal and sub- 
sequently again became inverted. 

Necropsy. The body was that of a well developed 
and well nourished man with abundant deposits of 
fat. There was no edema. The peritoneal cavity was 
normal. Both pleural cavities were obliterated by 
firm, fibrous adhesions. The left lung weighed 725, 
the right 825 Gm., and on section both presented a 
grey spongy surface in the soft crepitant portions 
from which a small amount of grey fluid was ex- 
pressed. A reddish-purple meaty surface presented in 
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the firmer, less crepitant portions from which a large 
amount of red, frothy, thin fluid was expressed. 
Abundant, turbid, mucoid fluid was present in the 
bronchi and bronchioles. 

The heart weighed 450 Gm. The chambers were 
not dilated. The epicardium was smooth. Irregular, 
light-brown foci were found throughout the myo- 
cardium of the left ventricle. In the posteroinferior 
portion of the interventricular septum, soft, irregu- 
lar, poorly-demareated, reddish-brown foci measur- 
ing 0.3 by 0.3 em. were seen. Yellowish-white streaks 
extended from this region. The myocardium of the 





Fic. 1. 


Left ventricle. Early lesion. The muscle 
fibers have disappeared in a focus of necrosis leaving 
behind the unaltered supporting framework. Sceat- 
tered pigmented and nonpigmented histiocytes, lvm- 
phocytes, eosinophils, and neutrophils are present. 
Mallory’s aniline blue collagen stain. Reduced from 
original magnification X 100. 


right ventricle was homogeneous, reddish-brown. 
The endocardium and valves were negative. The 
coronary arteries displayed infrequent, small yellow- 
ish plaques, but the lumina were not narrowed. No 
thrombi were found. The tricuspid valve measured 
12.5 em., the pulmonic valve 8.0 cm., the mitral 
valve 10.5 em., and the aortic valve 6.5 em. The 
left ventricular wall measured 2.0 em., and the right 
0.5 em. in thickness. A few small yellowish plaques 
were found in the lumbar portion of the aorta. The 
spleen weighed 250 Gm. The pulp was deep purple, 
moist, with no fibrosis. The liver weighed 2150 Gm. 
The capsule was smooth, and thin. The sectioned 
surface was reddish-brown, moist, with light brown 
zones about moderately prominent central veins. 
Microscopic Examination. The tissues were fixed 
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in Zenker’s fluid. Hematoxylin-eosin, Mallory’s ani 
line blue collagen, Verhoeff’s elastic tissue and Per 
drau’s reticulum stains were used. The viscera 
pericardium was negative. In the myocardium of th: 
left ventricle infrequent small groups of acidophili 
granular muscle fibers with absent striations wei 
infiltrated by a few neutrophils. Prominent in sec 
tions of the interventricular septum and of the wa 
of the left ventricle were large and small foci « 
necrosis containing the original myocardial support 
ing framework from which the muscle fibers ha 
disappeared. In some areas, small groups of norm: 
muscle fibers could be found surrounded by thes 
foci. The original pattern of the myocardial support 
ing framework within these foci was often well pr: 
served and could easily be recognized by the ope: 
meshwork of elongated linear collagenous strand 
running in a parallel order, surrounding spaces fron 
which the muscle fibers had disappeared (figs. 1 an: 
2). These linear collagenous strands were usually 
closer together than in regions where the myo 
cardium was intact. The reticulum stain revealed 
coarse, elongated silver-positive strands closely ap- 
plied to the collagen strands observed in the aniline 
blue collagen stain (fig. 3). There were a few foci of 
necrosis where the deposition of slightly abundant 
collagen had taken place (fig. 4). Here the original 
supporting framework was not as obvious with the 
aniline blue collagen stain, but it could still be seen 
with the reticulum stain although much compressed. 
Small, dilated, thin-walled blood vessels were visible 
within these foci of necrosis, but no elastic tissue 
was found. A few scattered pigmented and non- 
pigmented histiocytes, lymphocytes, ecsinophils, and 
neutrophils were observed in the foci of necrosis. 
No cellular infiltration of the unaltered interstitial 
tissue was found. Infrequent swollen nuclei were 
present within the muscle cells at the borders of the 
foci of necrosis. Moderate fatty tissue infiltration 
was noted in the myocardium of the right ventricle. 
A few arterioles and pre-arterioles within the myo 
cardium of both ventricles displayed slightly thick- 
ened walls. Small arteries infrequently possessed 
slightly thickened fibrotic intimal layers, but no 
narrowing of the lumina was found. The coronary 
arteries infrequently displayed slight fibrous thick- 
ening of the intimal layer. The intima of the aorta 
was slightly thickened by fibrosis with rare vacuo- 
lated histiocytes observed. There was moderate 
congestion of the liver and the spleen. Other organs 
were normal. 


DISCUSSION 


The most common causes of necrosis of 
muscle fibers leading to fibrosis of the myo- 
‘ardium are vascular insufficiency and infec- 
tions.*:7 In this case there was no evidence of 
either. Rivers has indicated that when viruses 
act with explosive rapidity or when the in- 
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Fic. 3. Left ventricle. Reticulum fibers of original 
ipporting framework are more closely approximated 
han normal but the general pattern is still main- 
iined within a focus of necrosis. Perdrau’s reticulum 
ain. Reduced from original magnification X 475. 


olved cells are incapable of division the pri- 
aary pathologic changes are necrobiosis and 
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Fic. 2. Left ventricle. Early lesion. Places from which the muscle fibers have disappeared in a 
focus of necrosis are surrounded by collagenous strands of the unaltered supporting framework. 
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Fia. 4. Left ventricle. Older focus of necrosis with 
slight deposition of collagen and condensation of the 
original supporting framework. Mallory’s aniline blue 
collagen stain. Reduced from original magnification 
X 100. 


lysis of cells.’ Covey has suggested that this 
explosive lytic change takes place in isolated 
myocarditis.’ The possibility that a virus was 
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the etiologic agent in the case reported above 
cannot be ruled out. There was no evidence 
for metabolic or dietary disturbances which 
have been suspected as a cause in some 
cases.1°: 11 

Lytic changes and disappearance of cells with 
preservation of the original supporting connec- 
tive tissue framework with no collagen deposi- 
tion in many of the foci of necrosis suggest a 
subacute process. This is consistent with obser- 
vations made by Mallory, White and Salcedo 
in myocardial infarction.” Previous reports of 
cases interpreted as myocardial fibrosis similar 
to the case reported here do not exclude the 
possibility that the connective tissue foci ac- 
tually represented the original connective tissue 
framework without collagenization.'*—* Some of 
these cases may also represent comparatively 
early lesions. The term fibrosis should not be 
applied to foci of necrosis in which an intact 
supporting framework is still present and no 

- collagenization has taken place. 

The lack of interstitial infiltration in this 
case was noteworthy. Interstitial infiltration 
has been found in many cases of isolated myo- 
carditis to which the term ‘‘Fiedler’s” has been 
applied. Extensive interstitial infiltration in the 
complete absence of muscle necrosis has also 
been reported.'* The cellular infiltrate observed 
here within the foci of necrosis was similar to 
that found in any phagocytic process following 
the removal of necrotic cardiac muscle fibers 
and did not appear to be due to a specific 
etiologic agent. It would appear then that it is 
possible to have either interstitial myocarditis 
or focal necrotizing myocarditis with or without 
interstitial infiltration. It is not possible at 
present to state whether a single cause is re- 
sponsible for all of these pathologic changes. 

The changes described in the case reported 
and in cases previously reported do not offer a 
distinctive clinical picture which could be rec- 
ognized ante mortem. 


SUMMARY 


A case of focal necrotizing myocarditis with- 
out interstitial infiltration is reported. The pres- 


ervation of the original connective tissue frame 
work and the lack of collagenization in many o: 
the regions where muscle fibers had disappeare: 
indicated a subacute process and precluded th: 
use of the term ‘‘myocardial fibrosis.”” No ade 
quate cause could be found. The patient pr 

sented the clinical picture of myocardial in 

farction. A histologic classification of thes 

cases is suggested. 
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Circulatory Failure in Metastatic Carcinoma 


of the Lung 
A Physiologic and Pathologic Study of Its Pathogenesis 


By Ove Storstetn, M.D. 


Four cases of extensive metastatic pulmonary carcinomatosis have been studied from the point 
of view of hemodynamics (cardiac catheterization) and pathology in order to evaluate the various 
factors in the pathogenesis of the subacute form of cor pulmonale. The author stresses the impor- 
tance of distinguishing between the extensive destruction of lung tissue, leading to anoxemia, and 
the invasion of lung vessels by cancer cells, leading to pulmonary arterial hypertension and later 


to failure of the right ventricle. 


F THE two forms of cor pulmonale, 
acute and chronic, the former is associ- 
ated with pulmonary embolism, the 

latter with chronic disease of the lungs, emphy- 
sema, chronic bronchitis, bronchiectasis, bron- 
chial asthma, pulmonary tuberculosis, silicosis 
and Boeck’s sarcoid; it may also be associated 
with recurrent attacks of pulmonary embolism, 
with that rare condition known as “primary 
pulmonary arterial hypertension” and with 
kyphoscoliosis. There is also an intermediate 
form, described as subacute cor pulmonale! in 
which the disease lasts from nine days to two 
months.? This form is caused by carcinomatous 
metastases to the lungs. 

This condition may develop in various ways: 

1. The embolic form,’ with cancer cell emboli 
to the small arteries of the lungs, and thrombo- 
sis and occlusion of their lumen. 

2. Carcinomatous endarteritis of the vessels of 
the lung.t Tumor cells in the perivascular 
lymphatic vessels provoke a varying degree of 
obliteration of the small arteries and arterioles 
of the lungs, partly by compression of the 
vessels and the direct invasion of the adventitia 
and media by cancer cells, partly by hyper- 
plasia of the intima resulting from irritation by 
the surrounding cancer cells, and finally, by 
the formation of thrombi on the hyperplastic 
intima. 

3. The suffocating form of carcinomatous 
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Hospital, and the Dr. F. G. Gades Institute, Depart- 
ment of Pathology, University of Bergen, Bergen, 
Norway. ; 


lymphangitis.> Here there is an extensive and 
diffuse invasion of the lymphatic vessels of the 
lungs by cancer cells, with compression of the 
alveoli and bronchioles but without involve- 
ment of the lung vessels. 

In most cases the original source of the me- 
tastases is carcinoma of the stomach, but they 
may also originate in carcinoma of the colon,‘ 
of the pancreas,® of the breast,? or a chorion 
epithelioma.® The metastases to the lungs may 
travel via the hepatic vein and inferior vena 
cava, but most frequently their route is via the 
thoracic duct to the pulmonary lymphatic 
vessels’~* or to the superior vena cava.® 

The clinical picture is characterized by the 
rapid development of severe dyspnea and 
cyanosis, followed later by signs of failure of 
the right ventricle in patients without any 
previous signs of disease of tie lungs or heart. 
The signs referable to the lungs consist of a 
certain amount of dyspnea, often in the form 
of tachypnea, cough, attacks of suffocation on 
change of position, and cyanosis. The signs 
referable to the circulatory system are a low 
blood pressure, tachycardia, irregular action 
of the heart, enlargement of the liver and 
edema. Attacks of collapse have been described‘ 
with a further fall of blood pressure, tachy- 
cardia of 150, and tachypnea of 54. The clinical 
findings over the heart and lungs are rather 
slight; there are some rales over the lungs, the 
heart sounds are weak, and occasionally there 
may be a gallop rhythm over the lower part of 
the sternum. 


It is common for the primary carcinoma to 
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provoke signs which betray it, but the disease 
often comes as a surprise at postmortem exam- 
ination, particularly in the case of carcinoma 
of the stomach. Occasionally the primary seat 
of the malignancy cannot be found at autopsy.'? 

The French in particular’ have emphasized 
the importance of radiologic examination of the 
lungs, which may reveal a picture characteristic 
of the suffocating type, where straight striae 
and strands cross each other and invade the 
pulmonary fields. But these radiologic signs 
are often lacking.! 

Most authors emphasize cyanosis as an es- 
sential feature of the clinical picture. But no 
analyses of the oxygen content of the arterial 
blood were made until MeMichael® demon- 
strated a very low oxygen saturation of 78 per 
cent of the arterial blood in a patient with a 
suffocating form of carcinomatous lymphangitis 
of the lungs. In the same case McMichael found 
a high cardiac output of 7 liters per minute and 
a pressure in the right auricle of 2 to 3 em. HO 
above the normal. 

Apart from MeMichael’s observation and the 
demonstration by Cournand and 
Richards" of an alveolorespiratory insufficiency 


Baldwin, 


in 2 cases of carcinomatous lymphangitis of the 
lungs, no studies have been found by the author 
of the circulatory disturbances produced by 
this condition. This study reports 4 cases of 
extensive metastases to the 
lungs. In these cases we have estimated the 


carcinomatous 


oxygen saturation of the arterial blood and in 
2 of them we have also studied the circulation 
more closely by catheterization of the heart. 


Case Reports 


Case 1. The first patient was a woman of 36, who 
had been operated on in October, 1946, for carcinoma 
of the breast with metastatic nodules in the lym- 
phatie system. She had been given postoperative high 
voltage x-ray treatment. Since the spring of 1947 
there had been progressive lassitude and fatigue, 
and she had been confined to bed since March 1, 
1948. She was treated at the Medical Department 
of Haukeland Hospital from April 29 to June 14, 
1948. While she was in hospital, the clinical picture 
was characterized by tachycardia at a rate of about 
140, low blood pressure (85/65), dyspnea (30), 
clamminess of the skin, pallor and a greyish-blue 
color of the skin, and bouts of coughing. Oxygen, 
which had to be given continuously, had a definite 
palliative effect. A skiagram showed an effusion in 
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the right sinus, but no definite parenchymatons 
shadows. Electrocardiographic examination showe 
normal conditions apart from tachycardia. The ox 
gen saturation of the arterial blood was much | 
duced (table 1). 

The postmortem examination (Professor Waak 
showed a pleural effusion on both sides (1500 ee. « 
the right side, 600 ce. on the left). Numerous whit 
firm nodules, the size of a pin head, were scatter: 
over the pleura and parietal pericardium and t 
incised surfaces of the lungs, and were also foun 
in the liver and osseous system. The heart weighe.| 
300 Gm. and the wall of the right ventricle w:s 





Fic. 1. Medium-sized lung vessel containing small 
groups of tumor cells in the wall. No thickening of th 
intima. (X 110). 


slightly hypertrophied (0.5 em.). A microscopic 
examination showed extensive atelectasis of the 
lungs and diffuse infiltration, with atypical epi- 
thelial cells forming small and large nodules, par 
ticularly in the pleura. These lesions represented 
extensive metastases to the pleura and lungs, com 
bined with dissemination of carcinoma cells along 
the lymphatic channels. In the adventitia of the 
arteries small islands of atypical epithelium (fig. 
1) could be seen, but there was no proliferation of 
the intima or formation of thrombi. 

Case 2. The second patient was a 57 year old 
man, who during the last three months had shown 
great lassitude and fatigue, and during the last four 
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weeks had had a cough with blood-stained expecto- 
rotion and vomiting. While in hospital, between 
Jine 17 and 29, 1948, his temperature was about 
3:.5C. He suffered from repeated hematemesis, 
ad the feces constantly contained occult blood. 
Tiere was progressive anemia. The electrocardio- 
giam was normal except for a negative T wave in 
leads I and II. Radiologic examination showed 
miliary shadows in both lungs. Because of his 
endition no barium test meal was given. The 
alterial oxygen saturation was normal (table 1). 
The postmortem examination (Professor Waaler) 
showed a tumor of the stomach, measuring about 
6 cm. in diameter. On section, the lungs, liver, 
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and there was definite hypertension in the pulmonary 
artery (table 2). 

The postmortem examination (Professor Waaler) 
showed in the posterior wall of the stomach a 
sclerotic area about the size of a penny, which was 
covered by a smooth, atrophic mucous membrane. 
In direct continuity with this area, on the serous 
side of the stomach, behind the peritoneum, were 
several firm and elastic nodules at least as large as 
a prune. On section numerous nodules were found 
in the lungs, under the pleura and in the spinal col- 
umn. The heart weighed 310 Gm., and the wall of 
the slightly hypertrophied right ventricle measured 
0.4 em. Microscopic examination showed an adeno- 


TABLE 1.—Arterial Oxygen Saturation before and after Oxygen Respiration 


Oz —_ 

Patient Age Date oe 
cent 

L. 8. i. 36 May 24, 1948 20.09 
June 11, 1948 17.43 
2. 1.5. 57 June 28, 1948 14.77 
a. 8. i. 48 July 21, 1949 14.04 
1 OO: ®. 69 Jan. 26, 1950 19.15 


March 20, 1950 14.29 


pancreas and heart showed white nodules ranging 
from the size of a pea to that of a nut. The right 
pleural cavity contained 300 ec. and the left pleural 
cavity 500 ce. of fluid. The tumor of the stomach 
proved on microscopic examination to be an adeno- 
carcinoma, and it was of this that the above-men- 
tioned nodules consisted. In a few places there was 
atheromatous thickening of the intima of the medi- 
um-sized blood vessels of the lungs with plentiful 
collagen and subendothelial connective tissue. The 
changes in the blood vessels were, however, only 
moderately extensive. Some of the smaller arteries 
presented infiltration in the perivascular lymphatic 
spaces by tumor cells, with proliferation of the 
intima and closure of the blood vessels (fig. 2). 
These changes were not very extensive. 

Case 3. The third patient was a man of 48, who 
became ill in the middle of May 1949. Cough and 
successive small hemoptyses as well as emaciation 
were the chief evidences of his illness. While in 
hospital, between July 15 and 29, 1949, he was very 
weak. His complexion was a cadaver-like pale grey. 
There was tachyeardia of about 120. Blood pres- 
sire was 110/65. The liver was palpable 6 cm. 
below the costal arch. A radiologic examination 
siowed a diffuse, finely spotted infiltration in both 
lungs. There was no occult blood in the feces. There 
was considerable reduction of the arterial oxygen 
situration (table 1), the cardiac output was normal, 


Before O2 resp. 





Arterial oxygen content 


After 10 min. 100% Ox 


so ie Vol. per cent ~~ om 
10.27 51.1 19.0 94.6 
iss 41.3 17.33 99.4 
13.46 91.1 15.56 105.3 
10.93 77.8 11.5 (5 min. Oz resp.) 81.9 
11.78 61.2 16.0 (45 min. Os resp.) 83.5 
5.85 40.9 





Fic. 2. Small arteriole in the lung with prolifera- 
tion of the intima and thrombosis. (X 110). 

















































carcinoma with many peculiarly shaped nuclei and 
numerous mitoses in the stomach wall. The blood 
vessels were infiltrated by the tumor, and the struc- 
ture of the nodules found in the lungs was of the 
same type as that of the tumor in the stomach wall. 
The perivascular lymphatie spaces and the ad- 
ventitia and media of the blood vessels in the lungs 
were infiltrated by the tumor. The small arteries 
showed extensive endarteritic changes, with some 
thrombosis and complete blocking of the lumen, 
which in some places was much narrowed (fig. 3). 
There was also considerable tumor cell infiltration 
of the arteries and veins of the lungs (fig. 4), as well 
as the smallest blood vessels in the lungs (fig. 5). 
Case 4. The fourth patient was a woman of 68, 
who had been operated on for carcinoma of the 
breast in October, 1948, and had been given post- 
operative high voltage x-ray treatment. There was 
2 loeal recurrence of the disease, and for this she 
was given radiologic treatment in December, 1949. 
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At the beginning of 1950 she was confined to hed. 
She was treated in the hospital between Febru: ry 
14 and March 25, 1950. Her complexion was g ey 
with a hint of cyanosis most in evidence in |.er 
nails. The pulse rate was 120 and regular; bli.od 
pressure, 115/65; and respiration, 32 and labo:.d, 
She coughed incessantly and needed oxygen on 
tinuously. An electrocardiographic examinat jn 
showed tachycardia and flat T waves in lead. | 
and II. Radiologic examination of the chest on | - 
mission to the hospital showed densely grou), 
small, parenchymatous shadows in both lungs. A 
pleural effusion which developed on the left < je 
was repeatedly evacuated. The arterial oxygen ss! u- 
ration was much reduced (table 1); the cari ve 
output was normal; and there was no definite hy) 
tension of the pulmonary artery (table 2). 
The postmortem examination (Professor Waa 

showed recurrence of the disease at the site of 
amputation of the breast. The left pleural cavity 


TaBLE 2.—Cardiac Oulput and Pressures in the Pulmonary Circulation in Cases 3 and 4 


Dain 5 4-V Oz consumpt. co 
Patient Date Oz diff. ml., min. L. 
3. B. L. July 21,1949 43.5 assumed 220 5.0 
4.0. 0. Jan. 26, 1950 44.5 173 £.0 





Fic. 3. Tumor infiltration in a small lung vessel. 
Intense thickening of the vessel wall. (x 220). 


cl Pressure mm. Hg 


L /min./M.2 


Right aur. Right ventr. Pulm. art 
3.1 1.5/ + 3.5 | 30/ + 7 12.5 | 36/17 23.5 
2.5 25/ + 5 12 26/7 = 13.5 
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Fic. 4. Medium-sized lung vessel filled by tumo 
cells. (X% 110). 
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contained 1000 cc. of fluid. The visceral and parietal 
pleura, the lungs on section, the parietal pericardium, 
the liver and the osseous system were studded with 
nu nerous firm, greyish-white nodules. There were 
als) enlarged lymph nodules in the hilar region of 
the lungs and in the liver. The heart weighed 220 
(ia., and the wall of the right ventricle was normal, 
measuring 0.3 em. A microscopic examination of 
sections from the lungs showed a diffuse infiltration 
by nodules of various sizes, consisting of atypical 
ep thelial cells. Numerous lymphatic spaces were 
pa‘ked with tumor cells. The thickened pleura 
showed infiltration by tumor cells. At a few sites 
mederately large vessels had been infiltrated by 
the malignant tissue, and some vessels of the lungs 
were filled with tumor thrombi. 


These cases illustrate various types and de- 
grees of carcinomatous metastases to the lungs. 
It is probable that the first case belongs to 
Costedoat’s suffocative form,°® with diffuse in- 
vasion of the lymphatic vessels of the lungs by a 
finely nodular scirrhous type of lesion. The 
nodules were barely visible to the naked eye. 

The second case presented changes in the 
blood vessels of the lungs corresponding to 
Greenspan’s description‘ of carcinomatous en- 
darteritis. But the changes were not extensive, 
nor was there any great invasion of the lungs 
by carcinoma cells. This fact probably explains 
the normal arterial oxygen saturation. Neither 
was there any clinical evidence of increased 
pressure in the pulmonary circulation or failure 
of the right ventricle. These observations em- 
phasize the quantitative factor in the disease; 
there is no rise of pressure in the pulmonary 
artery until there has been extensive destruc- 
tion of the tissues surrounding the blood vessels 
of the lungs. Acute experiments, such as those 
carried out by Fineberg and Wiggers,'? who 
gradually compressed the pulmonary arteries 
of dogs, showed that the right ventricle of the 
heart could compensate for the narrowing of 
the lumen of the arteries until it had been de- 
creased to 60 per cent of the normal. Only 
a'ter this limit had been passed did failure of 
the right ventricle develop rapidly. 

In the third case, extensive vascular changes 
eonsisted partly of carcinomatous endarteritis 
aid partly of a direct invasion and obstruction 
0 the small arteries of the lungs with carcinoma 
cell emboli. In conformity with Schmidt’s de- 
s‘ription,’ this patient presented during life 


considerable hypertension of the pulmonary 
artery and signs of failure of the right ventricle 
with enlargement of the liver. 

The fourth patient presented extensive in- 
filtration of the lungs, particularly the lym- 
phatic channels and the pleura, with tumor cells. 
There were also some changes in the blood 
vessels, but they were not extensive enough to 
provoke any definite hypertension of the pul- 





Fie. 5. 
(X 220). 


Small lung vessel filled by tumor cells. 


monary artery. The dominant feature of this 
case was the destruction of lung tissue and the 
compression of the bronchi, resulting in a reduc- 
tion of the respiratory function of the lungs. 


DIscussION 


With regard to the pathogenesis of these 
conditions, there are two features which should 
be kept more distinct from each other than 
has hitherto been the case in publications on 
the topic. One of these features is cyanosis and 
diminished arterial oxygen saturation; the other 
is hypertension of the pulmonary artery with 
hypertrophy of the right ventricle. 
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The cyanosis belongs to the type which has 
been described as ‘“heliotrope cyanosis.”’ The 
patient’s color is pale and greyish, with a hint 
of cyanosis, most clearly visible in the nails. It 
is not striking, and the arterial oxygen satura- 
tion often comes as a surprise; in 2 of the pres- 
ent cases it was reduced to 40 per cent. The 
reduced arterial oxygen saturation is the meas- 
ure of the reduction of the alveolorespiratory 
function of the lungs.'* Frequently there is at 
the same time a reduction of the ventilatory 
function, with severe dyspnea as the most im- 
portant symptom. The carcinoma cells invade 
the lymphatic vessels of the lungs, compressing 
the alveoli and bronchioles in such a way that 
the respiratory exchange of gases is hampered 
as a result of destruction of the respiratory 
membrane. Anoxemia will therefore be particu- 
larly prominent in the suffocative form of the 
disease, where an extensive invasion by carci- 
noma cells takes place through the lymphatic 
channels. The exchange of gases in the embolic 
form of the disease with carcinomatous en- 
darteritis will also be hampered because of 
obliteration of the small vessels of the lungs. 

In case 3, the pressure in the pulmonary 
artery was considerably raised, the mean pres- 
sure being 23.5 mm. Hg (normal pressures 
with our technic do not go above 12 mm.); 
the mean pressure in the right auricle was 
normal. In conformity with these pressures the 
arterioles and small arteries of the lungs were 
found to have been to a considerable extent 
obliterated. 

The most important cause of hypertension of 
the pulmonary artery in diseases of the lungs is 
increased pulmonary resistance caused by the 
destruction of arterioles and capillaries. As al- 
ready pointed out, the arteries of the lungs have 
to undergo considerable compression before the 
right ventricle begins to fail. We may assume, 
however, that before this stage of failure is 
reached there is a stage of compensation with a 
rise of pressure in the pulmonary circulation. 

There are also functional factors responsible 
for hypertension in the pulmonary artery, the 
most important being the relationship between 
the blood flow through the lungs and the capac- 
ity of the vascular bed."*: © When the vascular 
bed is normal, the circulation of blood can be 
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trebled without the pressure in the pulmonary 
artery being raised!®; but when the vessels o/ 
the lungs are diseased, a slight increase of bloo:! 
flow will provoke hypertension. These patient ; 
often present a raised cardiac output® and fal! 
into the group with “high output failure.” Ou, 
2 patients presented a normal cardiac outpu 
of 5 and 4 liters per minute respectively. M: 
Michael maintains that the cardiac output fal! 
in the final stage of cor pulmonale. Motley an 
associates” have shown that brief anoxemia ii 
man may provoke hypertension of the pulmo 
nary artery, an observation which agrees wit! 
the experimental observations on the cat by 
v. Euler and Liljestrand.'® They found that : 
lack of oxygen stimulates contraction of th« 
blood vessels of the lungs. In chronic pulmo 
nary disease Cournand and associates": ' have 
found a close correlation between the arterial 
oxygen saturation and pulmonary arterial pres- 
sure. It was therefore surprising that the pres- 
sure was not higher in case 4, in which there 
was considerable anoxemia. 

In view of these considerations the conclu- 
sion may be drawn that in these patients it is 
mainly the anatomic changes in the blood ves- 
sels of the lungs, with a reduction of the 
vascular bed, which provoke the hypertension 
in the pulmonary artery. 

The two factors, anoxemia and hypertension 
of the pulmonary artery, acting to some extent 
independently and to some extent in conjunc- 
tion with each other, lead to hypertrophy and 
dilatation of the right ventricle, which finally 
fails, as described in the terminal stage of sub- 
acute cor pulmonale. 


SUMMARY 


In 4 cases of carcinomatous metastases to 
the lungs (2 from primary carcinoma of the 
stomach, undiagnosed during life, and 2 from 
cancer of the breast) there were 3 in which the 
arterial oxygen saturation was reduced, being 
in 2 cases as low as 40 per cent. 

In one of these cases, hypertension of the 
pulmonary artery and signs of failure of the 
right ventricle were also observed. 

In the pathogenesis of this condition it is 
important to distinguish between the anoxemia. 
which is due to destruction of the respiratory 
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surface of the lungs, and the hypertension of 
ihe pulmonary artery, which is due to invasion 
of the arteries of the lungs by cancer cells. In 
the 3 cases with anoxemia, extensive destruc- 
‘ion of the pulmonary tissue was observed. 
[he patient with hypertension of the pulmo- 
iary artery proved to have carcinomatous en- 
darteritis in the arteries of the lungs. 
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Cardiac Asthma 


By Tuomas A. LomBarpo, M. D., ano Trnsutey R. Harrison, M. D. 


MONG the vicissitudes in the life of a 
person with heart disease, the occur- 
rence of paroxysmal dyspnea or ‘“‘car- 

diac asthma” is one of the most frequent and 
distressing. It is sometimes the first indication 
that the patient has passed the stage of di- 
minished cardiac reserve and has entered the 
stage of frank left-sided heart failure. 
Throughout the years the term “cardiac 
asthma” has been used rather loosely, and 
hence various meanings have been attached by 
different authors. The term, as employed in 
this discussion, refers to paroxysms of dyspnea 
which usually awaken the patient from sound 
sleep, but may also occur following exertion. 
The episodes may last minutes or hours, and 
are frequently associated with the appearance 
of “asthmatic” squeaks and rales. Acute edema 
of the lungs often occurs. The basic underlying 
process is passive congestion of the lungs 
secondary to failure of the left side of the 
heart. This communication does not deal with 
bronchial asthma, or with other types of 
dyspnea due to primary disease of the respira- 
tory system. Likewise, it does not deal with 
other types of nocturnal cardiac dyspnea such 
as simple orthopnea, ‘evening dyspnea,” or 
periodic dyspnea (Cheyne-Stokes respiration). 
Nearly 2000 years ago, Aretaeus, the Cap- 
padocian,' recognized that diseases of the heart 
were associated with a type of asthma, and 
stated, ‘‘...The lungs suffer and the parts 
which assist in respiration, namely the dia- 
phragm and thorax, sympathize with them. 
But if the heart be affected, the patient could 
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not stand out long, for in it is the origin «: 
respiration and of life.”’ 

James Hope,’ in 1833, was the first to use thie 
term ‘“‘cardiac asthma,” and about 20 years 
later Stokes* considered the condition as ay 
entity. Osler,s in 1897, clearly defined the 
syndrome as follows, “In cases of advanced 
arteriosclerosis, there are often attacks of 
dyspnea of great intensity recurring in parox- 
ysms, often nocturnal. The patient goes to bed 
feeling quite well, and in the early morning 
hours wakes in an attack which, in its abrupt- 
ness of onset and general features, resembles 
asthma. Two other features about this form of 
attack will attract your attention ... the evi- 
dent effort in the breathing and the presence 
of a wheezing in the bronchial tubes, and of 
moist rales at the bases of the lungs.”’ 


CLINICAL PICTURE 


The attacks occur almost exclusively in the 
recumbent position, late at night, and in 
patients with disorders such as hypertension or 
aortic insufficiency, which affect the left side 
of the heart primarily. In mild paroxysms, the 
patient awakens with a start, usually coughs, 
and often seeks fresh air at the window. After 
the expectoration of a little mucus the attack 
often subsides and the patient returns to his 
bed to sleep comfortably the rest of the night. 
The severe paroxysms are associated with 
acute edema of the lungs. This is indicated by 
severe dyspnea, with progressive increase in 
the number and distribution of moist rales. 
Frequent coughing and audible respirator) 
wheezes, with the expectoration of foam 
blood-tinged sputum, are also characteris! 


Circulation, Volume IV, December, |! 





: 
fk 
| 


CARDIAC ASTHMA 921 


of the disorder. The skin may be ashen or 
‘yanotic, and over the face, thorax, and limbs 
. cold sweat appears. Auscultation of the lungs 
eveals wide-spread bubbling rales and scat- 
ered ‘‘asthmatic” squeaks. Over the pre- 
-ordium, the heart sounds may be accentuated, 
ind often a gallop cadence is audible. The 
yulse is usually strong and full initially but 
uubsequently may become feeble. The patient 
eels that death is near, and the paroxysms 
nay terminate fatally unless treated promptly. 
\llbutt,® in 1915, vividly described the conflict 
existing within the patient as follows, ‘As I 
enter upon this paragraph, I see again with 
the vividness of light, the desperate conflict of 
a strong man with a paroxysm of suffocation, 
which recently some of us witnessed in a hos- 
pital ward during an examination. The patient, 
seized and throttled before he could cry out, 
sprang up livid to wrestle with death. The 
desperate conflict made the fell enemy almost 
visible to us. Now this way, now that, springing 
up in bed to fight from the urge of it, to sink 
back in utter exhaustion, but only to rise again 
panting, with the sweat streaming from him, 


desperately to renew the battle, the scene was 
almost as distressing to the bystanders as to 
the victim.” 


PATHOGENESIS 
Theories 


As a result of clinical observations, experi- 
mentation, and the evaluation of different 
modes of therapy during the past century, 
several ideas have been advanced as to the 
pathogenesis of cardiac asthma and acute 
pulmonary edema. 

“Back Pressure”’ or “‘Left Ventricular Failure”’ 
Hypothesis. James Hope,’ the first advocate of 
this theory, believed that disease of the left 
ventricle resulted in an increase in the volume 
of blood within the ventricle. This in itself 
constituted an obstacle to the transmission of 
wuricular blood and the obstruction being 
propagated backward through the lungs pro- 
(uced engorgement, dyspnea, and edema. 
Welch,® in 1878, ligated the descending aorta, 
branches of the aortic arch, and most of the 


pulmonary vessels in rabbits with resultant 
pulmonary edema. From these experiments, 
he concluded that edema of the lungs in man 
occurred secondary to a difference in the 
amount of blood pumped by the two ventricles. 
Eppinger, von Papp and Schwarz’ concluded 
that there were two factors of importance. One 
was a diminished reserve of the left ventricle, 
the other was increased venous return. They 
also believed that acute congestion of the lungs 
caused dyspnea by reflex stimulation of breath- 
ing, but did not demonstrate such reflexes. 

“Insufficient Aeration” Hypothesis. Traube® 
believed that cardiac dyspnea was due to 
congestion of the lungs which caused the 
capillaries to encroach on the air spaces (Lun- 
genschwellung), thereby causing defective aera- 
tion of the blood. Von Basch? agreed that the 
swelling occurred, and also believed that 
diminished elasticity of the lungs (Lungen- 
starre) was secondary to overdistention of the 
capillary network in the air cells. 

‘“‘Water-Shift” Hypothesis. Brunn,"° and later 
von Koranyi, thought that the syndrome was 
due to a disturbance in water regulation, 
leading to a passage of fluid from the tissues 
into the blood stream during the night. This 
concept will be discussed later. 

Neurogenic or Reflex Hypothesis. The fre- 
quency of pulmonary edema ‘in patients with 
cerebral hemorrhage, tumors of the brain, and 
other disorders of the central nervous system, 
has led to studies of the possible role of neuro- 
genic mechanisms. It has long been known 
that bilateral vagotomy may lead to edema of 
the lungs. Luisada and Sarnoff! made exten- 
sive investigations of the influence of the nerv- 
ous system in paroxysmal pulmonary edema. 
Reichsman” has submitted strong evidence for 
the idea that neurogenic pulmonary edema can 
actually be explained by mechanical factors. 
The available evidence would appear to 
indicate that such factors as laryngeal spasm 
with inspiratory obstruction, and accumulation 
of mucus or saliva in the bronchial pathways, 
are of more importance than centrally induced 
alterations in pulmonary vascular tone and 
permeability. 
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Underlying Mechanisms 

Mechanisms of Pulmonary Congestion. Active 
congestion in the lungs may occur as a result 
of exposure to toxic gases, infectious agents, 
and allergens. On the other hand, passive con- 
gestion occurs secondary to failure of the left 
side of the heart. The mechanism of this 
failure is the same as that of congestive heart 
failure in general. 

Filling of the left ventricle depends upon 
several factors, of which the most important 
are the cross-sectional diameter of the pul- 
monary venous stream bed and the mean 
difference between the pressure in the pul- 
monary veins and in the left ventricle during 
filling. A rise in left ventricular diastolic pres- 
sure constitutes an impediment to inflow. The 
inflow load may, therefore, be defined as the 
inflow which would occur if the ventricular pres- 
sure remained at zero throughout diastole.” 

Filling of the left ventricle may be hindered 
because a stenosed mitral valve imposes a 
structural obstacle, or because the left ventricle 
fails to empty normally.* The accumulation of 
residual blood with consequent dilatation may 
result from long-continued overwork, disease 
of the musculature, or a combination of both. 
The fundamental principle concerned here is 
that embodied in Starling’s law, which states 
that the energy expended is proportional to 
the length of the muscle fibers, that is, to the 
degree of dilatation.1* Whenever there is an 
unfavorable disproportion between the load 
which the heart has to meet and its functional 
capacity, incomplete emptying and consequent 
dilatation occur. When the amount of residual 
blood in the ventricle becomes sufficiently 


* It is important that a clear distinction be drawn 
between the stroke volume and the degree of empty- 
ing. In most circumstances, these functions vary in 
the same direction. Thus both factors are increased 
during physical exertion, and both are usually di- 
minished in subjects with congestive heart failure. 
On the other hand, profuse hemorrhage may be 
followed by decline instroke volume despite increased 
degree of emptying. Similarly, certain patients with 
heart failure may have normal or increased stroke 
volumes, despite diminished degree of emptying. 
The mistaken assumption that decreased degree 
of systolic emptying is always associated with decline 
in cardiac output has been responsible for much of 
the past confusion about heart failure. 


great, the pressure in the left ventricle during 
diastole increases somewhat. This interferes 
with the emptying of the left auricle, which 
expels less blood than it receives and, conse- 
quently, auricular pressure increases. Thus tle 
auricular and the ventricular diastolie pres- 
sures tend to be inversely proportional to the 
reserve power of the ventricular musculature. 

Aside from mitral stenosis and dilatation of 
the left ventricle, there is another mechanis:n 
which may induce a rise of pressure in the leit 
auricle. This is regurgitation through the 
mitral orifice, which may occur either as a 
result of endocarditis or because of stretchiny 
of the mitral ring secondary to left ventricular 
dilatation. 

Regardless of its cause, a rise in pressure in 
the left auricle produces an increase in pressure 
in the pulmonary veins and capillaries, with 
passive congestion of the lungs. If the pressure 
in the pulmonary capillaries is only moderately 
elevated, fluid does not pass into the alveoli 
and rales are, therefore, not heard. As a result 
of the congestion, the amount of blood in the 
lungs is increased and hence the vital capacity 
is diminished. Borden and associates,!* !7 uti- 
lizing the catheter technic, calculated blood 
volume in the pulmonary vessels, left heart, and 
other arteries (designated as ‘‘Q’’) in patients 
with mitral stenosis and left ventricular failure. 
The value for Q in the group of patients with 
mitral stenosis and pulmonary hypertension 
did not differ significantly from the value in 
normal subjects, and hence there was no evi- 
dence of a large increase in circulating blood 
in the lungs. A marked increase in Q was 
present in the group of patients with left 
ventricular failure, but this was thought to be 
due to an increase in the amount of blood in 
the left ventricle. Since there was no correlation 
between the reduction in vital capacity and Q, 
the authors concluded that the vital capacity 
is not a function of increase in blood volume. 
These authors admit that stagnant blood can- 
not be measured by this technic. These data 
must be considered equivocal, as the technic 
used does not make separate estimations of th« 
blood volume in the pulmonary circulation 
left atrium and/or left ventricle. The observa 
tions of Weiss and Robb" indicated that during 
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an attack of cardiac asthma the main charac- 
teristic of the pulmonary circulation was not an 
alteration in the volume of the blood flow 
through the lungs, but rather an increase in 
the volume of the pulmonary vascular bed and 
relative stagnation of blood. 

As stated above, the main alteration in 
hemodynamics following failure of the left 
ventricle is an increase in residual volume of 
blood in the failing ventricle, reflected by a 
rise of pressure in the left auricle and in the 
pulmonary circulation. This concept is sup- 
ported by recent reports which have appeared 
in the literature, showing that in left ventricu- 
lar failure the diastolic pressure elevation in 
the pulmonary artery is directly related to 
venous and capillary pressure rises.8-*! Further- 
more, Harvey and co-workers,” observing pul- 
monary artery pressures in patients with 
isolated left ventricular failure, found that 
after the intravenous administration of digitalis 
the pulmonary artery pressures return to 
normal values. 

Further support of this concept has been 
afforded by Zimmerman.” This investigator 
catheterized the left ventricle by way of the 
radial artery in 10 patients with aortic insuffi- 
ciency. Three patients without left ventricular 
failure had normal ventricular diastolic pres- 
sure, but seven patients with obvious failure 
manifested significant increase in diastolic 
pressures, averaging 25 mm. Hg. 

It might, therefore, be concluded that an 
elevation of left ventricular diastolic pressure 
is a necessary factor for the development of 
cardiac asthma. Such a conclusion would be 
incorrect. Cardiac asthma usually occurs in 
subjects with disorders which strain (hyper- 
tension, lesions of the aortic valve), or impair 
(coronary disease) the left ventricle, but may 
oceur in subjects with mitral stenosis who lack 
evidence of disorders of the left ventricle. 
In such subjects—those with mitral stenosis— 
the attacks are solely the result of increase in 
inflow load, without coexisting functional 
changes in the heart itself. Hence the attacks 
usually follow unusually strenuous exertion and 
rarely occur at night. Important investigations 
of the hemodynamics of the pulmonary circula- 
tion in patients with mitral stenosis have 


recently been reported by Cournand, Lagerlif, 
Gorlin, and their co-workers." !%: 2! These in- 
vestigations have demonstrated that exercise 
produces pulmonary edema only in patients 
with mitral stenosis who have an increase in 
resting ‘pulmonary capillary” pressures. 

The conditions producing passive pulmonary 
congestion may be classified as follows: 


I. Mechanical interference with left ventricular 
filling 
A. Mitral stenosis 
B. Tamponade due to thickening of peri- 
cardium, or fluid in the pericardial sac 
C. Intrinsic masses of the left auricle 
(tumors, thrombi) 
D. Extrinsic masses compressing the left 
auricle or pulmonary vein 
II. Decline in strength of left ventricle 
A. Structural disorders of the myocardium 
(infarction, inflammation, etc.) 
B. Functional disorders of the myocardium 
(ectopic tachycardias, anoxia, etc.) 
IIT. Increased load on left ventricle 
A. Resistance load 
1. Hypertension 
2. Aortic stenosis 
3. Coarctation of the aorta 
B. Inflow load 
1. Aortic insufficiency 
2. Mitral insufficiency 
3. Disorders associated with high cardiac 
output (beriberi, thyrotoxicosis, ane- 
mia, arteriovenous communications) 


From this discussion, it is apparent that the 
cardinal manifestation of left ventricular 
failure is dyspnea, and that the chief factor 
responsible for its production is pulmonary 
congestion. Through what mechanism is the 
dyspnea brought about? Pulmonary congestion 
leads to increasing rigidity of the lungs, with 
consequent reduction in the respiratory reserve, 
and stimulation of the afferent vagal fibers. 
It has been demonstrated that pulmonary 
congestion in dogs produces a marked increase 
in respiratory rate, but the effect is absent 
after bilateral vagotomy.** When the actual 
volume of air breathed is more than a certain 
proportion of the maximal amount which can 
be breathed, the respirations become visibly 
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labored and dyspnea is experienced. The 
labored breathing tends to increase negative 
intrathoracic pressure and to cause further 
inflow into the right side of the heart. This, in 
a patient with disproportionate dysfunction of 
the left side of the heart, aggravates pulmonary 
congestion, causing further respiratory stimula- 
tion, which further increases venous inflow and 
pulmonary congestion. It is this vicious cycle 
which may lead to fulminating acute pul- 
monary edema and death. 

Mechanisms of Pulmonary Edema. The blood 
plasma traversing the lung capillaries has 
about 7 per cent protein, which produces an 
effective colloid osmotic pressure amounting 
to 25 or 30 mm. Hg. The pulmonary capillary 
blood pressure has been estimated to be ap- 
proximately 10 mm. Hg, and recent studies by 
Swedish and American investigators, utilizing 
the catheterization technic, indicate that this 
pressure is about 8 mm. Hg.?°:*! Thus it is readily 
seen that the mean effect is to protect the 
alveoli from the leakage of fluid. However, the 
lungs do not have a positive tissue pressure to 
protect them against outward filtration but, 
instead, the negative intrathoracic pressure 
(—5 to —10 mm. Hg, normally) exerts a 
suction upon the capillary walls which, there- 
fore, decreases the margin of safety. 

The significance of an increase in negative 
intrathoracic pressure and of anoxia in the 
production of pulmonary edema is well sub- 
stantiated. As regards increase in negative 
intrathoracic pressure, Drinker has shown that 
stimulation of respiration by inhalation of 
carbon dioxide produces a marked increase in 
lymph flow from the lungs of the dog. He 
interpreted the experiments as_ indicating 
evidence of augmented filtration from the 
lung capillaries, induced by alterations in 
intrathoracic pressure consequent to violent 
breathing. 

The same investigator demonstrated the 
effects of anoxia on lung lymph production. 
Dogs exposed to air containing 10 per cent 
oxygen showed a sudden increase in the flow of 
lung lymph, which ceased promptly on return- 
ing to ventilation with room air. These changes 
could not be attributed to increased cardiac 
output or extension of the filtering bed of the 


CLINICAL PROGRESS 


lung capillaries. It was concluded that when 
sufficient oxygen is not available, the lung 
capillaries promptly become abnormally per 
meable. Drinker is of the opinion that pul 
monary edema depends more upon alteration: 
in the permeability of the lung capillaries thai 
upon pressure relations in the pulmonar, 
circulation. 

To show that anoxia increased the perme 
ability of the pulmonary capillaries, Maurer’ 
exposed dogs to low oxygen tensions and 
studied the composition of lymph flowing from 
the lungs. The passage of protein from the 
blood capillaries to the lymph, calculated in 
mg. per minute, increased as flow increased 
and decreased as flow subsided. Coincident 
with an increase in output of lymph protein, 
there was a decrease in the concentration of 
serum protein. He also injected acacia into 
the veins of dogs, and after exposure to low 
oxygen tensions he noticed an increased output 
of acacia into the lung lymph, associated with 
a decreased concentration of acacia in the 
serum. 

Liljestrand” and his associates have recently 
demonstrated that moderate anoxia causes 
pulmonary hypertension. From their experi- 
ments there is good evidence of a direct influ- 
ence of low oxygen tension upon the tone of the 
small vascular channels. The pressure rise in 
the pulmonary artery appears to be independ- 
ent of the increase in blood flow, the backward 
pressure from the left auricle, or the nervous 
control of the vessels. These investigators 
concluded that this local effect is part of a 
special mechanism whereby local alveolar 
ventilation and circulation are correlated. 
Thus a low oxygen tension in isolated parts of 
the lungs would result in the shunting of 
blood to better ventilated alveoli, through a 
local mechanism of control of the arteriolar 
flow. Therefore, it seems that anoxia alone may 
increase the pressure in the pulmonary circula- 
tion as well as the permeability of the pul- 
monary capillaries. Both factors tend to favor 
the transudation of fluid into the alveoli. 

In summary, the two fundamental factors 
causing abnormal transudation in the lungs are: 
(1) increase in pulmonary capillary pressure; 
(2) anoxia. 
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From the preceding discussion, it would 
appear that increase in left ventricular dias- 
tolie pressure, with resultant passive congestion 
of the lungs, leads to transudation of fluid. 
Tis in turn produces anoxia of the pulmonary 
e: dothelial cells with increase in permeability 
o| the vessels and further edema formation. 

The Mechanisms of Wheezing. Heyer re- 
corded the respiratory curves of patients with 
cardiac asthma, and demonstrated that they 
ale identical with those of subjects with bron- 
chial asthma. In both instances expiration was 
prolonged. This observation constituted clear 
evidence of the presence of obstruction of the 
bronchial tree. The unsolved question is the 
mechanism responsible for this narrowing. 
Among the possibilities are: (1) congestion 
and/or edema of the mucosa of the bronchioles; 
(2) active bronchoconstriction; (3) compres- 
sion of the bronchioles by congested capillaries, 
and (4) intrinsic obstruction due to edema fluid 
in the bronchiolar lumens. The relative im- 
portance of these and of unknown factors 
remains uncertain, but it is clear that obstruc- 
tion to the bronchial tree is an important factor 
in producing the dyspnea of cardiac asthma. 
When expiratory obstruction predominates, the 
end result is elevation of intrathoracic pressure 
and diminished inflow load; when inspiratory 
obstruction predominates, there is decline in 
mean intrathoracic pressure, increase in inflow 
load, and aggravation of pulmonary congestion. 

Theophylline ethylene diamine (aminophyl- 
line) is often very efficacious in relieving the 
wheezing and the dyspnea. Whether the benefit 
is due to bronchial dilatation, to increased 
coronary blood flow, to diminished peripheral 
resistance, or to a combination of these effects 
remains uncertain. 


PRECIPITATING CAUSES OF CARDIAC ASTHMA 


Brunn,” in 1928, proposed the hypothesis 
that cardiac asthma was due to a disturbance 
in water regulation, leading to a passage of 
fluid from the tissues into the blood stream 
during the night. If such occurred, one might 


- expect to find evidence of hemodilution in the 


morning compared with the evening. Harrison 
and associates (1933)*4 measured oxygen ca- 
picities on dyspneic patients and found them 
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to be higher in the morning than in the evening. 
They interpreted this observation as evidence 
against the “water-shift’’ hypothesis. Actually, 
their oxygen capacities were measured late 
in the morning and late in the evening. It now 
seems apparent that hemodilution had already 
occurred when their evening blood samples 
were obtained. 

Perera and Berliner?’ reported important 
observations on cardiac asthma in 1943. These 
authors observed a decrease in serum protein 
concentration, increase in venous pressure, and 
decrease in vital capacity during the early 
morning hours. These changes were thought 
to be due to a larger and more dilute blood 
volume occurring from the nocturnal reabsorp- 
tion of fluid in the dependent portions of the 
body. 

Other precipitating causes of cardiac asthma 
include cough, nightmares, abdominal disten- 
tion, constipation, desire for urination, eating 
a heavy meal, hunger, excessive warmth from 
too much bed clothing, and, of course, position 
of the body. Apparently, most of these pre- 
cipitating causes act by respiratory stimula- 
tion which in turn lowers mean intrathoracic 
pressure, causing further inflow into the right 
ventricle which, in the presence of a diseased 
left ventricle, results in more pulmonary con- 
gestion. This causes further respiratory stimula- 
tion and a vicious cycle is produced. 

It would appear, therefore, that the various 
factors which precipitate attacks of cardiac 
asthma have one feature in common. They all 
increase the venous return to the heart. The 
relatively normal right ventricle receives and 
expels the blood. However, the left ventricle, 
already containing an excess of residual blood, 
cannot respond so readily to the increase in 
inflow load. Further rise in left ventricular 
diastolic pressure and further increase in pul- 
monary congestion therefore ensue. 


DIFFERENTIAL DIAGNOSIS OF CARDIAC ASTHMA 


The dyspnea of cardiac asthma is due to a 
secondary disturbance of the lungs (that is, to 
congestion secondary to cardiac disease). It 
must be clearly differentiated, therefore, from 
other types of dyspnea due to primary pul- 
monary disorders. The differentiation from 
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pulmonary dyspnea due to such disorders as 
allergic asthma, pneumonia, tuberculosis, and 
sarcinomatosis at times may be difficult. 
Patients with the latter may or may not have 
dyspnea at rest, but always have it after exer- 
tion. In proportion to the degree of lowering of 
vital capacity, pulmonary disease usually is 
associated with less dyspnea than cardiac 
disease. Coughing and wheezing may occur in 
individuals who have cardiac disease secondary 
to pulmonary disorders (cor pulmonale), and 
the differentiation from cardiac asthma _ be- 
comes more difficult. The important points in 
differentiating cor pulmonale from cardiac 
asthma include the presence of clubbed fingers, 
marked cyanosis, persistent wheezing, allergic 
history, story of chronic cough for years, and 
the presence of predominant right ventricular 
enlargement as revealed by physical examina- 
tion, x-ray, and electrocardiogram. 

The most common pulmonary disease simu- 
lating cardiac asthma is bronchial asthma. 
However, this disorder is usually not associated 
with severe dyspnea except during seizures, 
and during the attack widespread moist rales 
are usually absent. Also, the heart is usually 
small and the sputum is scanty and mucoid 
rather than abundant, frothy, and bloody. 

In doubtful instances, measurement of 
circulation time may yield information of 
crucial importance. Uncomplicated pulmonary 
disorders bronchial asthma and 
emphysema are associated with normal values 
for the circulation time. If isolated left ventric- 
ular failure is present and producing cardiac 
asthma, the venous pressure is usually normal 
but the lung to tongue circulation time (de- 
cholin minus ether) is prolonged. When primary 
pulmonary disease has led to cor pulmonale 
and right ventricular failure, the arm to lung 
(ether) time may be prolonged but the lung to 
tongue time is usually normal. 


such as 


TREATMENT OF CARDIAC ASTHMA 


When the seizures are mild only a few 
measures are required, but when acute pul- 
monary edema develops the rapid application 
of certain procedures may be life-saving. The 
basic mechanism of cardiac asthma is in- 
adequacy of left ventricular output in relation 
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to inflow load. Therapy is aimed toward 
overcoming this disproportion. 


Aitempts to Increase the Capacity of the Heart 
to Respond to a Given Inflow Load 


Digitalis is the most useful therapeui 
measure which falls into this category. It is 
used for treatment of the acute seizures s 
well as for prevention of the attacks. The drig 
sauses an increase in emptying, with an init/al 
rise in cardiac output, reduction of heart size, 
and a decline in ventricular diastolic pressu:e. 
Digitalis, therefore, acts specifically on that 
functional disturbance which is responsible {or 
cardiac asthma, for it reduces the amount of 
residual blood in the failing left ventricle, 
thereby decreasing the intraventricular dias- 
tolic pressure which constitutes an impediment 
to left auricular emptying. Consequently, 
pulmonary venous and capillary pressures are 
reduced, pulmonary congestion is lessened, 
and the dyspnea which sets off a vicious cycle 
is ameliorated. The studies of Harvey and 
co-workers” verify this concept of the action of 
digitalis. 

Since the pulmonary congestion, and hence 
the dyspnea, is a direct result of valvular 
obstruction in mitral stenosis, digitalis is often 
ineffective. However, if auricular fibrillation 
exists in such patients, it is of great value. 
Even if the rhythm is regular, digitalis is help- 
ful when failure of the right ventricle occurs 
because of mitral stenosis. 

Thus it is readily seen that digitalis is the 
sine qua non in the prevention of cardiac 
asthma. In mild seizures, digitalization can 
usually be achieved by the oral administration 
of the drug. However, when acute pulmonary 
edema develops, lanatoside C or strophanthin 
should be administered intravenously. 

Oxygen. When arterial anoxia is_ present 
oxygen probably depresses the inflow load by 
decreasing the venous return directly as well as 
through amelioriation of dyspnea. It likewise 
restores the capillary permeability. Apparently, 
it also relieves the anoxic constriction of the 
pulmonary vascular bed. It probably increa-es 
myocardial efficiency, thereby lowering vent'ic- 
ular diastolic pressure. 

The prolonged use of 100 per cent oxyycn 
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leads to excessive drying of the bronchial 
mucosa, which produces coughing. Therefore, 
pure oxygen should be used intermittently or 
mixed with helium for prolonged administra- 
tion. 

Aminophyllin, through its bronchodilator 
ation, tends to increase the vital capacity and 
to relieve dyspnea. Recent evidence suggests 
that the drug may also have a direct effect 
upon the myocardium to increase the force of 
contraction. Whether this effect is apparent 
and due to decline in peripheral resistance, or 
actual and due to increase in coronary blood 
flow is still uncertain. In any case, the drug 
tends to lower venous pressure and shorten 
circulation time. 


Attempts to Decrease the Inflow Load on the 
Left Ventricle 


Morphine alone will alleviate a large number 
of episodes. In severe attacks, it should be 
administered intravenously in 10 to 15 mg. 
doses. Caution should be used in elderly 
persons and those with pulmonary emphysema, 
as well as in individuals with coexisting liver 
damage. 

Morphine breaks the vicious cycle by al- 
leviating the labored breathing, and thereby 
tends to raise the intrathoracic pressure which 
in turn decreases the inflow to the heart. 
Aside from this direct effect, it relieves the 
anxiety and fear of impending death. Such 
relief presumably causes further reduction of 
inflow load. 

Tourniquets. Ebert and Stead® demonstrated 
that the application of tourniquets above 
venous pressure to three limbs produces an 
impounding of blood in the extremities amount- 
ing to approximately 720 ml. This procedure 
lowers venous return to the right heart, thereby 
decreasing the volume of blood flow to the 
lungs, with resultant increase in vital capacity 
and decreased load on the failing left ventricle. 
The slowing of blood flow in the extremities is 
temporary, and lasts only while the limbs are 
constricted. However, during the period of 
constriction, filtration pressure is elevated 


and fluid and electrolytes pass into the ex- 
tracellular spaces, accounting for a beneficial 
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effect for some time after the tourniquets are 
released. 

Venesection is the most direct means of 
producing a decrease in inflow load. The 
withdrawal of as little as 50 ml. may produce 
gratifying results. However, in most instances, 
the withdrawal of 500 to 700 ml. is necessary. 

Venesection produces a fall in right auricular 
and right ventricular pressures, with decrease 
in pulmonary blood flow, increase in vital 
capacity, and occasionally increased arterial 
blood oxygen saturation. It also results in a 
decrease of venous pressure, which in turn 
produces a fall in cerebrospinal fluid pressure, a 
factor that in itself may tend to relieve dyspnea. 

Diuretic Measures. The use of mercurial or 
other diuretics reduces edema and, thereby, 
tends to prevent the nocturnal reabsorption of 
extracellular fluid. Since such reabsorption is 
probably the most common mechanism pre- 
cipitating the attacks, diuretic drugs are of 
great value in preventing the seizures. They 
are indicated whenever the patient exhibits 
increasing dyspnea or rapid gain in weight. 
The effectiveness of the mercurial diuretics 
can usually be enhanced by the use of acidifying 
salts. The frequency of administration can 
often be reduced by the use of the new cation 
exchange resins, and by rigid restriction of 
sodium intake. 

Positive pressure breathing tends (1) to 
diminish the volume of blood entering the 
right heart and hence the lungs; (2) to exert 
an opposing force to outward filtration through 
the capillary membrane, and (3) to widen the 
bronchial pathways.*! Although further studies 
concerning this therapeutic procedure are 
needed, it probably will achieve a much wider 
range of usefulness in the future than in the 
past. 


Prevention of Precipitating Factors 


Aside from the two cardinal therapeutic 
procedures (digitalization and control of periph- 
eral edema) many patients are benefited by 
careful attention to measures which tend to 
prevent the precipitating factors. These in- 
clude control of cough by the use of cough 
depressants; the acquisition of a ‘‘cardiac”’ 
bed, which makes it possible to elevate the 
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upper part of the body and the knees, so that 
slipping down into a recumbent position during 
sleep is prevented; the alleviation of anxiety 
by tactful reassurance; attention to clothing 
and bedding in order to avoid chilling or 
excessive warmth; and measures to reduce 
abdominal distention. 


Other Measures 


Luisada® has recently reported that inhala- 
tion of alcohol (an antifoaming agent) exerts a 
favorable action on experimentally induced 
pulmonary edema. Clinical trials with this 
procedure will be awaited with interest. 


SUMMARY 

Cardiac asthma may be defined as the 
clinical syndrome induced by acute passive 
congestion and edema of the lungs. It occurs 
when the left side of the heart suffers from a 
sudden disproportion between work load and 
work capacity. It may result, therefore: (1) 
from disorders which cause rapid impairment 
of the myocardium, the load being constant 
(for example, myocardial infarction); (2) from 
disorders which suddenly increase the resistance 
or pressure load (such as paroxysmal hyper- 
tension consequent to an adrenal medullary 
tumor); (3) from disorders which markedly 
elevate the inflow or venous load without 
impairing the myocardium (such as strenuous 
exertion in a person with mitral stenosis); or 
(4) from a combination of these factors. The 
most common cause is increased venous return 
in a recumbent subject with left ventricular 
strain consequent to hypertension. Of the 
numerous conditions which may produce 
increased venous return, nocturnal reabsorp- 
tion of extracellular fluid from dependent parts 
is probably the most common. The therapeutic 
implications are obvious. 

Cardiac asthma must be differentiated from 
the various primary diseases of the lungs which 
cause paroxysms of wheezing or panting. The 
differentiation is usually readily made by 
simple clinical measures; in doubtful instances 
measurements of circulation time may be of 
crucial value. 

The management of cardiac asthma involves 
chiefly three therapeutic principles: (1) Con- 


trol of precipitating factors (and especially 
treatment of latent edema and control of 
nocturnal cough); (2) measures aimed at re- 
ducing the inflow load (sitting position, mor- 
phine, venesection, tourniquets on extremit!s, 
positive pressure breathing); (3) attempts ‘o 
reduce the amount of residual blood in | he 
left ventricle (rapid digitalization, use of 
oxygen, and aminophyllin). 

A severe attack of cardiac asthma associat od 
with rapidly developing pulmonary ederia 
constitutes one of the commonest and gravest 
of all medical emergencies. There are few cou- 
ditions in the broad domain of internal me:li- 
cine in which prompt and energetic therapy, 
based on an understanding of the mechanism 
of the disorder, can produce such immediate 
and gratifying benefit. 
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BACTERIAL ENDOCARDITIS 


Cates, J. E., Christie, R. V., and Garrod, L. P.: 
Penicillin Resistant Subacute Bacterial Endo- 
carditis Treated by a Combination of Penicillin 
and Streptomycin. Brit. M. J. 4708: 653 (March 
31), 1951. 

These investigators state that in 1 per cent of 
those suffering from subacute bacterial endocarditis, 
the infecting organism is highly resistant to peni- 
cillin. They present four such cases in which strep- 
tomycin in combination with penicillin appeared to 
accomplish the best results after many courses of 
other antibiotics failed. In one, Aureomycin seemed 
to prevent a return of the infection when given 
with penicillin, but the patient became intolerant 
to the drug. Streptomycin, which was substituted, 
was well tolerated, and controlled the infection. In 
another patient, Aureomycin and penicillin failed 
to control the fever, but the infection was con- 
trolled with streptomycin. One patient with cultura- 
ble Streptococcus faecalis reacted favorably after a 
third combined course of streptomycin and _ peni- 
cillin, but died of heart failure. In the remaining 
patient, although a penicillin resistant Str. viridans 
was recovered, sensitivity to streptomycin was 
demonstrated. 

The infecting organisms were typical enterococci 
in three patients and Str. viridans in one patient. 
The authors feel that when an organism is sensitive 
to penicillin, it should be used alone, and from their 
experience they believe that streptomycin in combi- 
nation with penicillin offers the most encouraging 
results with penicillin resistant streptococci. The 
dosage recommended was 20 million units of peni- 
cillin and 4 Gm. of streptomycin daily for at least 
six weeks. TANDOWSKY 
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Kane, L. W., and Finn, J. J., Jr.: The Treatment of 
Subacute Bacterial Endocarditis with Aureomycin 
and Chloromycetin. New England. J. Med. 244: 
623 (April 26), 1951. 

The authors studied 11 cases of subacute bacterial 
endocarditis. The infecting organism was Strepto- 
coccus faecalis in three cases, Str. viridans in five 
patients, Staphylococcus aureus in one, Enterococcus 
colt in one, and no organism could be cultured in 
the remaining case. Aureomycin was successful in 
the treatment of only. two of the eight cases in 
which it was used; in both instances the etiologic 
agent was a very sensitive strain of Str. viridans. 
Chloromycetin was used in five cases and considered 
to be effective in only one of them. The infecting 
organism in this case was Str. viridans. Neomycin 
was used in a single case because other antibiotics 
failed. This case was due to E. coli and although the 
blood cultures became negative the patient died of 
a cerebral embolus five days after the neomycin 
treatment was begun. 

In no instance was Aureomycin effective when 
penicillin had failed, although in two patients peni- 
cillin was successful when Aureomycin had failed. 
All patients treated with Aureomycin displayed 
some gastrointestinal symptoms of intolerance to 
the drug. Since Aureomycin and Chloromycetin are 
primarily bacteriostatic, the authors suggest that 
relapses may be more frequent with these drugs 
than with penicillin which also has bactericidal! 
properties. The authors conclude that an organism 
found to be sensitive to Aureomycin and Chloro 
mycetin in vitro will not necessarily respond in vivo 
They recommend an initial survey of the sensitivit) 
of the organism in any given case to all antibiotic- 
before treatment is begun. RosENBAUM 
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BLOOD COAGULATION 


Watkin, D. M., Van Itallie, T. B., Logan, W. B., 
Geyer, R. P., Davidson, C. S., and Stare, F. J.: 
The Treatment of Dicumarol-Induced Hypopro- 
thrombinemia in Man with Emulsified Vitamin 
K, Administered Intravenously. J. Lab. & Clin. 
Med. 37: 269 (Feb.), 1951. 

The emulsions used contained 50 mg. of vitamin 
l\, per ml. and were given intravenously at a rate 
0’ administration which averaged one ml. per min- 
ute. The prothrombin times of the citrated blood 
yere determined by the Link-Shapiro modification 
o! the Quick method using human thromboplastin. 

Seven patients having a variety of cardiac and 
vascular ailments were treated with Dicumarol in 
amounts to increase their prothrombin times to 
levels ranging from 438 to 85 seconds. These patients 
were given vitamin K, emulsion intravenously in 
doses of 5 to 20 mg. per Kg. of body weight or from 
360 to 1290 mg. per patient. 

All patients with Dicumarol-induced hypopro- 
thrombinemia showed a prompt decline in pro- 
thrombin time following the administration of the 
vitamin K, emulsion. When a dose of 10 to 20 mg. 
per Kg. was administered, the prothrombin times 
of all the patients fell to 36 seconds or below in 
120 minutes and to 30 seconds or below in five 
hours. 

One of the seven patients showed an untoward 
response and this was manifested by flushing of the 
face and neck accompanied by a transient rise in 
blood pressure. These complications disappeared 
rapidly and the patient was able to get larger doses 
of vitamin K, emulsion withcut further difficulty. 
Four of the patients showed a transient, usually 
slight prolongation of the prothrombin time. 

The 5 per cent emulsion of vitamin K, given 
intravenously acts more rapidly and is more con- 
venient to use than the dilute suspensions. The 
emulsions of vitamin K, prepared by the authors 
in their laboratory and kept at room temperature 
out of the light, are stable and usable after fcur 
months. 


MINtTz 


Lubran, M.: The Estimation of Dicoumarin in 

Blood. J. Clin. Path. 4: 63 (Feb.), 1951. 

A method is described for the determination of 
the blood level of dicoumarin. It involves the ex- 
traction of the material from acidified plasma using 
ethylene dichloride. This, in turn, is extracted with 
alkali, and the aqueous extract is buffered to pH 7. 
it is then coupled with diazotized dianisidine to 

woduce a stable red color. 

The method will detect dicoumarin in very small 
quantities in the blood; the reaction appearing to 
have a high degree of specificity. 

ABRAMSON 


Ravdin, I. S., and Kirby, C. K.: Experiences with 
Ligation and Heparin in Thromboembolic Dis- 
eases. Surgery 29: 334 (March), 1951. 

An attempt was made to evaluate the various 
procedures generally used in prevention and treat- 
ment of thromboembolic disease. A large series of 
patients, operated upon for surgical, urologic and 
neurosurgical conditions, was studied. Phlebothrom- 
bosis or thrombophlebitis occurred in one out of 
153, nonfatal pulmonary infarction in one of 487, 
and fatal pulmonary embolism in one of 896 post- 
operative patients. 

General prophylactic measures, such as using 
elastic bandages and early ambulation, were not 
strikingly successful in the prevention of thrombo- 
embolic episodes. The treatment of diagnosed 
phlebothrombosis, thrombophlebitis and nonfatal 
pulmonary infarction by ligation or with anticoagu- 
lants was effective in most instances. 

It was concluded that despite efforts to reduce 
their incidence, thromboembolic complications still 
occurred in approximately 1 per cent of postopera- 
tive patients. 

ABRAMSON 


Fuller, B. F., and Barker, N. W.: The Effect of 
Vitamin K, Administered Orally on the Control 
of the Coagulation Defect Induced by Dicumarol. 
Minn. Med. 34: 326 (April), 1951. 

Experience with vitamin K, (one of the naturally 
occurring substances having vitamin K_ activity) 
indicates that it is a satisfactory dicumarol antago- 
nist when given in a single oral dose of 500 mg. 
The prothrombin time of 13 of 16 patients who 
were tested returned to near normal levels and that 
of the other three was significantly decreased 20 
hours or less after administration of vitamin K,. 

Vitamin K appeared to exert a more rapid and 
more nearly complete action than menadione and 
no toxic or untoward effects were observed in any 
of the patients. A rebound phenomenon in which 
the prothrombin time rises after an initial drop 
following vitamin K, administration, although no 
dicumarol is given, was noted in two patients. A 
second dose of vitamin K, controlled this. The blood 
urea of both of these patients was high. 

BERNSTEIN 


CONGENITAL ANOMALIES 


Kroop, I. G.: Congenital Tricuspid Atresia. Am. 

Heart J. 41: 549 (April), 1951. 

Two cases of congenital tricuspid atresia with 
autopsy findings are reported. The first patient, age 
five months, had tricuspid atresia with transposition 
of the great vessels and without pulmonic or sub- 
pulmonic stenosis, persistent ostium primum, patent 
ductus arteriosus, coarctation of the aorta, dilatation 
of the pulmonary artery. Principal clinical features 
included: retarded growth and development, bron- 
chopneumonia and emphysema, mild cyanosis, no 
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clubbing, 14.5 Gm. of hemoglobin with 4.5 million 
red blood cells per cu. mm. of blood. The roentgeno- 
gram showed enlargement of the heart to the left, 
with distinct pulmonary markings. Left axis devia- 
tion was not present in the electrocardiogram. The 
poor growth and undernutrition were considered to 
be consequences of the poor peripheral circulation 
which made survival impossible despite good pulmo- 
nary flow. The author suggests that an aortopulmo- 
nary shunt might increase the blood flow into the 
peripheral vessels from the pulmonary artery where 
the flow was more than adequate because of the 
transposition of the great vessels. The second pa- 
tient, also five months old, had the most common 
type of tricuspid atresia without transposition of the 
great vessels and with pulmonary stenosis. There 
was hypoplasia of the right ventricle and pulmonary 
artery, and persistent ostium secundum, interven- 
tricular septal defect, small patent ductus arteriosus, 
and hypertrophy of the left ventricle. The ante- 
mortem clinical diagnosis was suggested by the 
presence of cyanosis, polyeythemia, left axis devia- 
tion of the electrocardiogram, and the x-ray con- 
figuration of the heart. The author believes that a 
shunting operation would have augmented the pul- 
monary blood flow and increased the oxygenation. 
HELLERSTEIN 


CONGESTIVE HEART FAILURE 


Davies, C. E., and Kilpatrick, J. A.: Renal Circula- 
tion in “Low Output” and “High Output’”’ Heart 
Failure I. Clin. Sc. 10: 53 (Feb.), 1951. 

Studies of renal circulation were performed on 14 
normal subjects, eight patients with congestive heart 
failure due to chronic rheumatic heart disease (“low 
output” failure), and 10 patients with congestive 
heart failure due to chronic chest disease (‘high 
output” failure). The glomerular filtration rate, the 
effective renal plasma flow, and the renal blood 
flow were reduced in all patients, irrespective of the 
sardiae output. The patterns of renal circulation 
were closely similar in both types of failure. This lack 
of correlation between cardiac output and renal 
clearance indicates that the decreased renal circula- 
tion in congestive heart failure is not a simple 
response to a lowered cardiac output. No direct 
relationship was found between glomerular filtration 
rate and sodium excretion. Because of this the 
authors suggest increased tubular reabsorption may 
be a more important factor in the retention of salt 
and water observed in congestive heart failure than 
reduced glomerular filtration. 

SAGALL 


Citron, D., Bercu, B., Lemmer, R., and Massie, E.: 
Congestive Heart Failure and Hyponatremia: Un- 
toward Effects of Mercurial Diuresis. Ann. Int. 
Med. 34: 872 (April), 1951. . 
The administration of mercurial diuretics to pa- 

tients whose sodium chloride intake is restricted 
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may result in an electrolyte deficiency manifeste:| 
by anorexia, apathy, nausea, muscular pains, psv- 
chosis and coma. Oliguria and azotemia sometim:s 
occur and may give one the erroneous impression 
that therapy (i.e., salt restriction and mercurializ::- 
tion) has not been vigorous enough. At such a point 
more rigid salt restriction and more frequent « j- 
ministration of mercurials are fraught with dang: 
The symptoms and signs of salt depletion ae 
usually alleviated by the administration of adequa!« 
amounts of hypertonic sodium chloride solution. 
WENDKOos 


Adams, F. H., Veasy, L. G., Jorgens, J., Diehl, A. 
LaBree, J. W., Shapiro, M. J., and Dwan, P. F.: 
Congenital Valvular Pulmonary Stenosis with 
or without an Interatrial Communication. 
Pediat. 38: 431 (April), 1951. 

Right heart catheterization was performed on 2\) 
patients with pulmonary stenosis with and without 
an interatrial shunt. An isolated pulmonary stenosi- 
was diagnosed when the systolic pressure in the right 
ventricle was markedly elevated in contrast to the 
pressure in the pulmonary artery and there was no 
evidence of intercardiac communications. There were 
eight patients of this type. There were 11 patients 
who presented evidence of an interatrial septal 
defect; in seven the catheter was passed from the 
right atrium into the left atrium and in the other 
four an interatrial shunt was demonstrated. The 
remaining patient had pulmonary stenosis with a 
patent ductus arteriosus. 

There were no cases with marked elevation in 
the right atrial pressure, the highest being 16/4 
mm. Hg, which occurred in a noneyanotic patient. 
There was no significant pressure gradient between 
the right and the left atrium in studies done on five 
cyanotic patients. The systolic pressure in the right 
ventricle ranged from 40 to 260 mm. Hg, and in the 
pulmonary artery from 2 to 28 mm. Hg. It was 
generally found that the higher the right ventricular 
pressure, the greater were the symptoms and physi- 
cal findings. When there was a sharp rise in the 
pressure curve as the tip of the catheter was moved 
a short distance from the main pulmonary artery in 
the right ventricle, a valvular type of stenosis was 
suspected. In many eases there was a significant 
drop in the oxygen content of the blood from the 
pulmonary artery in comparison to blood from the 
right ventricle. This was attributed to the additional 
obstruction of the catheter in the stenotic pulmonary 
artery. Eight patients were studied using the modi 
fied Millikan ear oximeter. When the arterial oxygen 
saturation did not decrease by more than 3 to 5 
per cent when 100 per cent oxygen was administere«: 
by mask, there was thought to be no significan’ 
right to left shunt. Cyanosis was not found in any 
of the patients with isolated pulmonary stenosis. 
MARGOLIES 
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CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Waitzkin, L.: Treatment of Angina Pectoris with 
Propylthiouracil. Ann. Int. Med. 34: 1107 (May), 
1951. ts 
The present report describes the results of treat- 

aents of seven patients with angina pectoris, ranging 

n age from 49 to 58 years. They were given amounts 

f propylthiouracil sufficient to produce myxedema, 

he average dose being 800 mg. daily in three cases, 

nd 1000 to 3000 mg. daily in the remainder. With 
hese doses, no toxic reactions were observed but 
manifestations of myxedema characterized by edema 
of the eyelids, puffiness of the facial features and 
dryness of the skin developed in all the cases one to 
three months following the initial drop in the basal 
metabolism, the latter varying between —11 per 
cent and —35 per cent. Those patients whose 
anginal symptoms were improved preferred the dis- 
comfort resulting from the myxedematous state to 
the disability imposed by the angina. When propyl- 

thiouracil was discontinued in those cases who did 

not benefit from the treatment, evidences of 

myxedema disappeared within two to four weeks. 

Improvement, as judged by the subjective response 

to a two-step exercise tolerance test and the range 

of activity which the individual could perform 
without discomfort, was graded as excellent (pro- 
longed benefit) in one case and good (temporary 
benefit) in three cases. The remainder were not 
benefited to any extent. Whatever improvement 

ensued as a result of such treatment is ascribed to a 

decrease in the amount of circulating thyroid hor- 

mone, independent of changes in the metabolic 
rate. 
WENDKOS 


ELECTROCARDIOGRAPHY 


Levinthal, J., and Purdy, A.: Electrocardiograms 
with Deep S Waves in All Three Standard Leads. 
Am. J. Dis. Child. 81: 59 (Jan.), 1951. 

Ten cases are reported in which the electrocardio- 
gram showed the main deflection of the QRS com- 
plex directed downward in the three standard leads. 
The authors agree with the view that this pattern is 
due to rotation of the heart about its three axes in 
association with right ventricular enlargement. 
There is clockwise rotation about the long axis of 
the heart, placing the right ventricle more anteriorly 
and the left more posteriorly; clockwise rotation on 
the vertical axis directing the apex back, and rota- 
‘ion on the coronal axis so that the apex is not only 
back, but also up. In every one of these 10 cases, 
there was cardiac disease causing right ventricular 
enlargement. This pattern was not found in those 
without heart disease and with only rotatory phe- 
nomena. 

MARGOLIES 


Spadolini, I., and Spadolini, L.: The Ventricular 
Electrocardiogram of Bufo Vulgaris during Con- 
tractions of a Tetanic Type. Arch. fisiol. 50: 138, 
(Jan.), 1951. 

The authors studied the electric potentials of the 
heart of Bufo vulgaris during “cardiac tetanus,” 
obtained by electric stimulation in the presence of 
high concentration of calcium and minimal concen- 
tration of free acetylcholine. For the electrocardio- 
gram, a bipolar lead (from two points of the un- 
damaged ventricle) was used. 

The normal ventricular complex of Bufo is com- 
posed of a rapid polyphasic oscillation (equivalent to 
the QRS complex), followed by a slow afterpotential 
(S-T) during mechanical contraction, while the wave 
of repolarization (T) coincides with the relaxation 
of the muscle. 

In “cardiac tetanus” the initial complex becomes 
diphasic; the afterpotential can be related to the 
ratio of depolarization to repolarization, which in- 
creases when the tetanus is complete, and decreases 
in incomplete tetanus. 

LuIsaDA 


Solomon, N. H., and Zimmerman, M.: QT Interval 
of the Electrocardiogram in Acute Rheumatic 
Carditis in Children. Am. J. Dis. Child. 81: 52 
(Jan.), 1951. 

Fifty-two patients with heart disease ranging in 
age from 3 to 15 years were studied. There were 25 
patients with acute rheumatic carditis and two with 
clinical evidence of rheumatic fever without definite 
evidence of carditis. In the control series of 25 
patients, there were 14 with inactive rheumatic 
carditis, seven with possible heart disease, and four 
with congenital heart disease. None of these pa- 
tients was receiving digitalis, quinidine, salicylates, 
or the mercurials at the time of study. All cases with 
irregular rhythm, paroxysmal tachycardia, auricular 
fibrillation or clinical signs of electrolyte imbalance 
were excluded. All patients had electrocardiographie 
studies and those with acute rheumatic fever had 
repeated tracings. A Q-T. value of 0.422 second was 
used as the upper limit of normal. All of the patients 
with carditis had a Q-T, interval above 0.405 second 
and 84 per cent had a value above 0.422 second. In 
the control series only 8 per cent had values above 
0.422 second. In all except five cases the Q-T. 
interval decreased toward normal as the carditis 
improved. The prolongation of the Q-T. interval is, 
therefore, thought to be a significant electrocardio- 
graphic finding in the diagnosis of acute rheumatic 
carditis in children 

MARGOLIES 


Ducos, F.: Complete A-V Block with Retrograde 
Auricular Contractions. Rev. espa. cardiol. 5: 22 
(Jan.—Feb.), 1951. 

Retrograde auricular contractions are uncommon 
in complete AV block. Less than 30 such cases have 
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been reported so far. The author describes a case 
with complete AV block which presented electro- 
cardiograms indicating retrograde conduction to the 
auricles. This abnormality was attributed to tempo- 
rary depression of the SA node or increased excita- 
bility of the AV node. 

Duclos does not accept the opinion of some 
authors who explain the auricular contractions as 
resulting from mechanical stimulation by the ven- 
tricle. 

LUISADA 


Masini, V., and Rossi, B.: The Atrial Wave of the 
Electrocardiogram I. The Morphology and Elec- 
trophysiology of the P Wave in Normal Subjects 
Cuore e circ. 35: 24 (Feb.), 1951. 

In 100 normal subjects, ranging in age from 5 to 
90 years, duration, amplitude, area, and axis of the 
P wave were studied. The contour of the P wave in 
standard, precordial and unipolar limb leads was 
also considered. The results obtained are the follow- 
ing: The duration of P ranged from 0.06 to 0.12 
(mean 0.08). The maximal amplitude was 2.5 mm. 
in the standard leads and 2 mm. in the precordial 
leads. The axis of the P wave was directed between 
+30 and +75 degrees (mean amplitude +54 de- 
grees). The area of the P wave presented values 
ranging from 1.2 to 12.1 microvolts per second. The 
P wave was constantly positive in leads I and II; 
isoelectric or diphasic in III; always negative in 
aVpr and positive in aVy; positive or diphasic in 
aV,. In Vj, it was found to be positive (40 per cent), 
negative (6 per cent), or diphasic. In V2 it was 
positive (75 per cent), isoelectric (5 per cent), 
negative (6 per cent) or diphasie (17 per cent). It 
was nearly always positive and seldom isoelectric in 
V; and Vz. 

Electrophysiologic explanations concerning the 
morphology of the P wave are given. The electrical 
manifestations of the auricular activity can be repre- 
sented by two vectors: the vector of depolarization 
of the right auricle and that of the left auricle. The 
former is directed downward to the left and from 
back to front; the latter, downward to the left and 
from front to back. 

LUISADA 


Reynolds, R. W.: T Wave Contour in Precordial 
Leads during Childhood. Pediatrics 7: 400 
(March), 951. 

A study was made of the precordial T wave in the 
V leads of 187 normal children and young adults, 
ranging from 2 weeks to 20 years of age. The findings 
of this study were compared with those from a 
group of 164 subjects of the same age range who 
either had cardiovascular disease or whose cardio- 
vascular systems might have been affected by 
another disease or by medication. In the normal 
group of children between the ages of 2 weeks and 9 
years an upright T wave never occurred in V2 or 


leads further to the right. In 16 of the 80 abnorma! 
cases between 2 weeks and 9 years, an upright T 
wave was present in the right precordial leads. 

From their study and its correlation with a surve: 
of the literature, the authors conclude that iy 
children between 2 weeks and 9 years an uprigh’ 
T wave in V- or leads further to the right should |) 
considered abnormal until proved otherwise. Une: 
pected T wave configuration in specific leads shou)! 
indicate repetition of the electrocardiogram an 
re-examination of the child. The T wave fro: 
Vir to Ve gradually changes from negative to pos 
tive. A reversal of this picture is considered al 
normal. 

MARGOLIES 


Margo, G., and Foscarini, M.: The Posterior Ches: 
Leads. Proc. XII Meet. Ital. Soc. Cardiol. Foli 
cardiol. 9: 218 (March), 1951. 

The authors studied the unipolar chest leads « 
the posterior wall in 100 normal subjects and in 10() 
cardiac patients. 

The exploring electrode was placed as follows 
V;, posterior axillary line, fifth intercostal space; 
Vs, inferior angle of the scapula; Vs’, left scapulo 
vertebral space; Vo, right scapulo vertebral space. 

In normal subjects, V; had the same pattern as V; 
but with a lower voltage (qR, positive T); Vs, in 
60 per cent of the cases, had a qR complex with 
positive T; in 40 per cent a qR complex with di- 
phasic or isoelectric T wave (T positive in all cases 
in sitting position); Vs’, a QR complex and positive 
(36 per cent), negative (42 per cent), or isoelectric 
(22 per cent) T wave. 

According to the position of the heart, the follow- 
ing changes of the T wave were noted: horizontal 
or semihorizontal heart, positive (11 per cent) 
isoelectric (6 per cent), or negative (15 per cent); 
intermediate position, positive (38 per cent), iso- 
electric (5 per cent), or negative (12 per cent); 
vertical and semivertical heart, positive (17 per 
cent), isoelectric (10 per cent), or negative (15 per 
cent). 

Both in the supine and the sitting position, Vo 
showed a QR complex with negative T wave. 

In cardiac patients, the findings were variable, 
and no correlation to clinical picture or the anatomic 
conditions was possible. 

The failure of the method can be related to the 
fact that the exploring electrode is too far from the 
heart, so that both epicardial and cavity potentials 
are recorded; therefore, small lesions cannot be 
diagnosed. 

LuISADA 


Criep, L. H., and Riley, W. K.: Electrocardiographic 
Studies of the Effect of Histamine on the Cardiac 
Mechanism. Am. Heart J. 41: 423 (March), 195!. 
The authors studied the effect of large (0.4 me. 

per Kg. of body weight) intravenous doses of hist 
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nine acid phosphate on the cardiac mechanism and 
he myocardium of normal unanesthetized rabbits 
and guinea pigs. Respirations ceased within two to 
three minutes. Electrocardiographic changes in- 
‘luded variations in heart rate and mechanism 
sinus tachycardia, ventricular tachycardia, auricu- 
ar fibrillation, atrioventricular block, and ven- 
ricular arrest), prolongation of intraventricular con- 
luction and electrical systole, alteration of T wave 
ind displacement of the S-T segment. Ventricular 
isystole occurred within 10 to 20 minutes. The 
protective action of Benadryl (3 mg. per Kg. of 
body weight) against histamine was demonstrated 
by the mildness of the histamine shock and by the 
occurrence of minimal transient S-T deviations when 
both drugs were administered simultaneously. The 
lesser protection of intraperitoneal Benadryl pre- 
ceding histamine was thought to be due to slower 
absorption. Microscopic examination of the heart 
following histamine shock revealed no definite patho- 
logie changes other than scattered areas of focal 
hemorrhage due to shock itself. Sections of the 
hearts of animals protected by antihistaminics 
showed no pathologic changes. The electrocardio- 
graphic changes in guinea pigs and rabbits appear 
to be similar in artificial asphyxia, anaphylaxia, and 
histamine shock. 
HELLERSTEIN 


Grishman, A., Borun, E. R., and Jaffe. H. L.: 
Spatial Vectorcardiography: Technique for the 
Simultaneous Recording of the Frontal, Sagittal, 
and Horizontal Projections. I. Am. Heart J. 41: 
483 (April), 1951. 

The authors have employed the geometric arrange- 
ment of the cube for electrode placement to obtain 
vectorcardiograms in three planes. It is assumed 
that the central origin of all electromotive forces 
generated by the heart is located in the center of a 
sagittal plane passing just to the left of the sternum 
at the level of the fourth intercostal space. Four 
electrodes are placed on four of the corners of a 
cube having this point at its center and being equi- 
distant from the theoretic center as much as the 
anatomy of the thorax allows. The electrodes are 
located as follows: (1) near the right posterior 
axillary line at the level of the first and second 
lumbar vertebrae, (2) in the left posterior axillary 
line, (3) vertically over the right scapula and (4) 
sagitally, anteriorly in the right anterior axillary 
lime. Frontal, horizontal and sagittal projections are 
recorded simultaneously on a special triple cathode 
ray oscilloscope. Application of the electrodes and 
recording of the vector projection in three planes 
required no more than five minutes. The reasons for 
preferring the cube arrangement to the equilateral 
tetrahedron are discussed. In the tetrahedral system 
analysis of the size and direction of the forces acting 
in the horizontal plane requires construction of wire 
models or use of stereoprojection because of tilting 


of the horizontal projection. In the cube arrange- 
ment, there was close correlation of the horizontal 
projection of the vector loop with the unipolar chest 
leads recorded at similar levels. The configuration of 
all chest leads could be predicted from the horizontal 
loop. In similar analyses of cases where the tetra- 
hedron or sagittal triangle was used and where lead I 
and the sagittal component gave the projection a 
tilted horizontal plane, there was poor correlation. 
The authors present other reasons for considering 
the cube arrangement of the electrodes superior to 
the tetrahedral arrangement of Wilson, the sagittal 
triangle of Arrighi, and the double cube arrange- 
ment of Duchosal and Sulzer. 
HELLERSTEIN 


Scherlis, L., and Grishman, A., with the cooperation 
of Sandberg, A. A., and Dvorkin, J.: Spatial 
Vectorcardiography: Left Bundle Branch Block 
and Left Ventricular Hypertrophy. II. Am. Heart 
J. 41: 494 (April), 1951. 

The authors have studied simultaneously recorded 
frontal, sagittal, and horizontal plane vectorcardio- 
grams of 20 patients with left ventricular hyper- 
trophy, 14 patients with left bundle branch block, 
and two patients with intermittent left bundle 
branch block. A cube arrangement of electrodes 
was employed. The vectorcardiograms of the pa- 
tients with left ventricular hypertrophy were charac- 
terized by the inscription of the QRS sF loop in the 
frontal plane in the I or VI sextant of Bayley, 
recorded in a counterclockwise direction in 17; in 
three, the loops were narrow and “figure 8” in 
configuration with the distal portion inscribed in a 
clockwise direction. The sagittal plane QRS sE loop 
was inscribed in a clockwise direction and was 
downward and posterior in 12, upward and posterior 
in six, and upward and slightly anterior in two. The 
horizontal QRS sf loop in each case was inscribed 
in a counterclockwise direction posteriorly and to 
the left. The time markings in all planes were 
regularly spaced along the loop, unlike that in left 
bundle branch block where there was definite delay 
in the inscription of the QRS sF loop. In left bundle 
branch block, the QRS sf loops in the frontal plane 
were also in the I or VI sextant and were also 
inscribed in a counterclockwise direction. The 
sagittal plane QRS sf loops, as in left ventricular 
hypertrophy, were inscribed in a clockwise direction 
but were consistently upward and posterior. In the 
horizontal plane, the QRS sf loops were inscribed 
posteriorly and to the left. However, in the hori- 
zontal plane, the direction of the inscription was 
clockwise in every patient with left bundle branch 
block as distinguished from left ventricular hyper- 
trophy. This difference in direction of the inscription 
of the horizontal plane QRS sf loop is explained by 
the earlier activation of the posterobasal aspect of 
the left ventricle in left bundle branch block, since 
a shorter time is required for the excitation process 















to spread from the right side of the septum to the 
posterobasal aspect of the left ventricle than to the 
anterolateral aspect of the left ventricle. Normally, 
the last part of the heart activated is the postero- 
basal aspect of the left ventricle. In two patients 
with intermittent left bundle branch block, the 
direction of rotation of the QRS sf loop in the hori- 
zontal plane changed from counterclockwise to clock- 
wise and delay appeared in the inscription of the 
loop. The vectoreardiographic patterns are con- 
sidered sufficiently pathognomonic to distinguish 
between left ventricular hypertrophy, incomplete 
and complete bundle branch block. 

HELLERSTEIN 


Plice, S. G., and Pfister, C. W.: Electrocardio- 
graphic Abnormalities in the Mentally Ill. Illinois 
M. J. 99: 212 (April), 1951. 

One thousand patients had electrocardiograms 
taken before shock therapy and many showed devia- 
tions from the norm suggestive of “myocardial 
damage.” Fifty such cases were studied after shock 
therapy. Low voltage T waves in lead I returned to 
normal in 12 of 16 cases and in all four cases of low 
voltage T:. In only two of five cases with inverted 
T, and T- did reversion to normal occur. Depressed 
S-T; and S-T: returned to the isoelectric line in 
seven of nine cases. Diphasic T waves in the pre- 
cordial leads became normal in 8 of 13 patients 
whereas 11 of 14 with low voltage became normal. 
Inverted T waves in the precordial leads became 
normal in three of five cases. 

The authors believe that the T wave and S-T 
segment changes noted in many mentally disturbed 
patients result from autonomic nervous system im- 
balance. 

BERNSTEIN 


Sokolow, Maurice: The Clinical Value of Unipolar 
Extremity (aV) Leads. Ann. Int. Med. 34: 921 
(April), 1951. 

Changes in Vr may be the sole electrocardio- 
graphic abnormalities in posterior myocardial infare- 
tion. Relative negativity of the left leg in relation 
to the left arm may explain the presence of a Q 
wave in standard limb lead III in the absence of 
disease. In anterior myocardial intarction, the 
earliest signs may appear in the left arm lead. 
Abnormalities in V;, in horizontal hearts and in Vr 
in vertical hearts may be earliest or most prominent 
findings in left ventricular hypertrophy. Myocarditis 
may be revealed solely by changes in the unipolar 
extremity leads and particularly in the unipolar 
lead of the left leg. Since the P wave is often most 
clearly seen in Vy, this lead is frequently employed 
to determine the site of origin of the auricular 
pacemaker. Inspection of the unipolar extremity 
leads will permit precise evaluation of the degree of 
cardiac rotation. At times, study of the unipolar 
extremity leads will permit the conclusion that the 
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changes in Vs do not reflect left ventricular po- 
tentials, thereby establishing the need for additional 
circumferential leads. 

WENDKO 


Ford, R. V., and Levine, H. D.: The Electrocardio- 
graphic Clue to Ventricular Aneurysm. Ann. Jt. 
Med. 34: 998 (April), 1951. 

The electrocardiographic findings in 10 patients in 
whom the presence of a ventricular aneurysm hd 
been established by fluoroscopic study or necrop:y 
revealed that persistent RS-T segment displa: »- 
ment in association with normal intraventricu'::r 
conduction occurred in eight of this group. Te 
same change constituted the most common signi i- 
cant finding in 55 substantiated cases of ventricul:r 
aneurysm reported by other authors. Although t!e 
existence of a persistent RS-T displacement miy 
strongly suggest the development of a ventricular 
aneurysm, it must not be concluded that the diay- 
nosis will be confirmed in every case in which a 
persistent RS-T pattern in noted. There are various 
theoretic explanations for the persistent RS-T seg- 
ment displacement with ventricular aneurysm but 
but the responsible mechanisms are still obscure. 

WENDKOS 


Nordenfelt, O.: Aneurysm of the Heart and the 
Electrocardiogram. Acta med. Scandinav. 189: 
368, 1951. 

The author expresses the opinion that cardiac 
aneurysms occur in about 5 per cent of the cases of 
coronary thrombosis which require hospitalization. 
The records from a medical clinic with an annual 
turnover of approximately 2000 patients were re- 
viewed over a six year period. Nine patients were 
encountered whose electrocardiograms showed 
changes which were believed by this writer to 
suggest ventricular aneurysm. These abnormalities 
were remnants of previous infarction in lead I 
(deep Q: or somewhat elevated S-T segment with or 
without negative T waves), deep S. and §; deflec 
tions not exceeding 0.12 second in width with 
positive T waves, and deep Q or S deflections with 
distinctlv elevated S-T segments in lead IV. Cardiac 
aneurysius disclosed by autopsy or roentgen ex- 
amination were said to be present in seven of the 
nine patients. One patient had a fresh myocardial 
infarct and the opportunity did not arise to verify 
the electrocardiographic diagnosis in the other case. 

RosENBAUM 


Lakam, J., Gialloreto, O., and Lenegre, J.: Electro- 
cardiographic Diagnosis of Ventricular Hyper- 
trophy in Bundle Branch Block. Acta cardiol. 6: 
129, 1951. 

The authors studied the electrocardiograms of 125 
cases of bundle branch block in whom the diagnos: 
of ventricular hypertrophy was based on clinical a1 
roentgenologic or anatomic findings. 
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In the presence of left bundle branch block, left 
‘entricular hypertrophy is suggested if the sum of 
%, and §; is more than 25 mm., the R wave in V1, 
1 mm. or more, the R wave in V; or V. measures 
6 mm. or more and the sum of § in Vi and R in 
V; or V¢ equals or exceeds 35 mm. Right ventricular 
iypertrophy can be suspected with a normal elec- 
rical axis in the standard leads or with a vertical 
lectrical position of the heart. Absence of these 
signs, however, does not exclude ventricular hyper- 
trophy, especially in cases with chronic coronary 
insufficiency. 

In right bundle branch block, right ventricular 
hypertrophy must be suspected if R’ in V; or V: 
exceeds 10 mm. and (in adults), if S in V; and V, 
is deeper than 10.5 mm. Left ventricular hyper- 
trophy is suggested by large voltage of R: and §; 
(sum >25 mm.), a tall R in Vz (>11 mm.) and in 
V; or V. (>25 mm.), the latter sometimes associ- 
ated with inverted and asymmetric T waves; a 
delay of the intrinsicoid deflection (> 0.05 second) in 
the left precordial leads. The diagnosis of ventricular 
hypertrophy in right bundle branch block is certain 
only in the presence of clinical and radiologic signs 
of heart strain. Chronic coronary insufficiency may 
produce similar patterns. 

Pick 


Segers, M., and Hendricks, J.: Electrokymographic 
Studies of the Delay of Ejection in Intraven- 
tricular Block. Acta cardiol. 6: 150, 1951. 

In 37 cases with various types of intraventricular 
conduction defect, electrokymograms of the pulsa- 
tion of the aorta and pulmonary artery were re- 
corded simultaneously with the electrocardiogram. 
The material was divided according to the side of 
the lesion and subdivided into cases of ‘‘major 
blocks” (QRS duration of 0.12 second or more) and 
“minor blocks’ (QRS duration of 0.10 to 0.11 
second). The duration of QRS and the delay of the 
intrinsicoid deflection in the precordial leads were 
correlated with the degree of delay of ejection of the 
left and right ventricle, determined as distance 
between the onset of QRS and onset of the pulsation 
of the aorta and pulmonary artery respectively. 

A delayed ventricular ejection was usually but 
not invariably present at the side of the block. 
Asynchronism of ejection was found more often in 
left- than in right-sided intraventricular blocks and 
more often in “major” than in “minor” blocks. The 
degree of delay bore no relation to the duration of 
QRS. In cases with intermittent intraventricular 
block, the ventricular ejection time may or may 
not change with variations of the electrocardio- 
zraphic contour. The delay of ejection was seen to 
lissappear transiently in the beat terminating the 
-ompensatory pause of a premature contraction. 

The authors conclude that these facts cannot be 
‘xplained by the classic theory of a block in a 


bundle branch, and are ‘in better accordance with 
their previously developed concept of localization of 
intraventricular conduction defects in the free walls 
of the ventricles. 

Pick 


Fleischmann, P.: The Latent and Manifest Recipro- 
cation Mechanism in Lower Atrioventricular 
Nodal Rhythm Coexistent with Sinoauricular 
Rhythm. Acta Cardiol. 6: 162, 1951. 

The author analyzed in detail an unusually com- 
plicated arrhythmia observed in numerous electro- 
cardiograms of a young pregnant woman. The heart 
was activated simultaneously by the sinus node and 
an AV nodal pacemaker. By interference of these 
two impulses with each other a variety of cycle 
sequences was produced, exhibiting many instances 
of re-entry of the retrograde nodal impulse. Instances 
in which the re-entrant impulse produced a ven- 
tricular response were termed by the author “mani- 
fest reciprocal rhythm” in contrast to “latent 
reciprocal rhythm,” represented by prolonged cycles, 
in which the re-entry was blocked below the level of 
the AV nodal pacemaker, but before reaching the 
ventricles. 

From measurements and statistical evaluation of 
more than 2000 cycles the author arrived at the 
conclusion that all instances of manifest or latent 
reciprocal rhythm were actually due to a double 
revolution of the impulse within the AV node. This 


would suggest that reciprocal rhythm represents 
the manifestation of a preformed structure in the 
AV node, ‘the reflecting level,” which is probably 
the site of the impulse delay, occurring normally in 
the AV node. 


Pick 


Slapak, L.: Diagnosis of Cardiac Aneurysms with 
the Electrocardiogram. Cardiologia 17 (5): 265, 
1950. 

The author reports observations on 62 cases of 
cardiac aneurysm; of these 49 were autopsied. 
Twenty-seven patients had aneurysms in the apical 
area and in 25 they were located on the anterior 
wall. In three cases two aneurysms were present. In 
all patients the aneurysms appeared as the conse- 
quence of a myocardial infarction. In 54 patients 
(87.1 per cent) the persistence of the elevation of 
the RS-T segments was observed in the corre- 
sponding leads. In one patient this was seen for 
103 years. In some instances a persistent depression 
of the RS-T segment in leads from sites opposite 
the aneurysm was found. Five patients had left 
bundle branch block and in two instances no con- 
clusions could be drawn, because of the presence of 
an anterior and posterior infarction simultaneously. 
The differential diagnosis from other electrocardio- 
graphic patterns is discussed. 

ScHERF 
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v. Lutterotti, M., and Moll, A.: The Electrocardio- 
gram and Right Ventricular Hypertrophy. 
Cardiologia 18: 73, 1951. 

Seventy-five cases with right ventricular pre- 
ponderance were divided into five groups: infants 
and children between 3 weeks and 3} years; con- 
genital heart disease; acquired valvular disease; 
chronic cor pulmonale; acute cor pulmonale. This 
classification was based on clinical and partly on 
autopsy findings and correlated with electrocardio- 
graphic findings. The authors arrived at the follow- 
ing conclusions: 

The electrocardiographic pattern of uncompli- 
vated right ventricular hypertrophy is a tall, narrow 
R wave over the right precordium, and an rs or RS 
complex over the left precordium. Higher degree of 
hypertrophy produces notching of R in Var and V;; 
if associated with dilatation of the right ventricle, 
they find a W-shaped complex with a late R wave 
and QRS prolongation to 0.10 second or the pattern 
of complete right bundle branch block. The distinc- 
tion of the latter from incomplete right bundle 
branch block can be made by its typical QRS and 
ST-T contour rather than on the base of QRS 
duration. Small notching of QRS in V,, if not 
associated with alteration of QRS in the left-sided 
chest leads and with a late R wave in a Vr, has no 
significance. Inverted T waves over the right pre- 
cordium are normal in children up to an age of 6 
years. Transient deep T inversion of symmetric 
contour, found in adults, indicates acute right heart 
dilatation (acute cor pulmonale). 

Pick 


PHARMACOLOGY 


Garb, S.: The Effects of Potassium, Ammonium, 
Calcium, Strontium and Magnesium on the Elec- 
trocardiogram and Myogram of Mammalian Heart 
Muscle. J. Pharmacol. & Exper. Therap. 101: 
317 (April), 1951. 

The effect of various ions on the contractile force 
and electrical potentials of the papillary muscle 
from the cat’s right ventricle was determined by 
suitable recordings after electrical stimulation of 
the muscle. The method employed allows the study 
of uninjured, well oxygenated mammalian heart 
muscle uncomplicated by variations in rate, rhythm, 
blood supply, circulating epinephrine and other 
factors occurring in similar experiments in isolated 
perfused hearts or in intact animals. An increased 
potassium ion concentration resulted in inversion 
of the T deflection, widening of the R deflection, and 
diminution of the contractile force. Potassium lack 
resulted in a repetitive response to each electrical 
stimulation. The ammonium ion produced a widen- 
ing of the R deflection and the R-T interval and an 
increase in contractile force. Increasing the concen- 
tration of calcium content was accompanied by a 
diminution of systolic force without producing a 
change in the electrocardiogram until the calcium 


level was so low that no contractile force could b 
recorded. At those levels the R-T interval decrease| 
and the R-T segment became elevated. The add 
tion of strontium to a solution containing the usus| 
amount of calcium produced the same effect as th, 
addition of equimolar calcium. The addition «: 
strontium to a solution low in calcium resulted ; 
widening of the R-T interval and prolongation «: 
systole. These effects could be abolished by addin 
calcium. The magnesium ion had no effect on th 
electrocardiogram or the myogram. 

SAGALL 


Brown, H., Tanner, G. L., and Hecht, H. H.: Th: 
Effects of Potassium Salts in Subjects with Heart 
Disease. J. Lab. & Clin. Med. 37: 506 (April) 
1951. 

The observations in this paper deal with the serun 
potassium level, urinary electrolyte excretions fol 
lowing the injection of 8 Gm. of potassium salts in 
normal subjects, and in patients with compensated 
heart disease and those with severe cardiac failure. 

Although potassium is readily absorbed from the 
gastrointestinal tract, as evidenced by the rise in 
serum potassium level, patients with congestive 
heart failure cannot excrete the excess potassium 
as rapidly as normal individuals. The renal clear- 
ance of potassium in the congestive failure group was 
much lower than in the normal group. The renal 
mechanism for potassium conservation is probably 
tubular in origin and is under endocrine control. In 
many of the subjects, the administration of potas- 
sium seemed to bring about a sodium diuresis. 

In the normal group and in most with compen- 
sated heart disease the electrocardiographic changes 
produced by potassium involved the process of 
recovery only with changes in the shape of the T 
wave. In subjects with advanced heart failure, po- 
tassium produced severe changes in both the QRS 
complex and the T wave. These electrocardiograms 
were similar to those which are characteristic of 
potassium intoxication in uremia. The depressing 
effect of potassium on impulse conduction and pre- 
sumably on the refractory period of auricular and 
ventricular muscle was characteristic of changes 
similar to those obtained by quinidine therapy. 
Prolongation of the auriculoventricular conduction 
and complete auriculoventricular heart block were 
observed. 

The implication of this work is that the injection 
of potassium salts may produce toxic effects in sub- 
jects with severe heart disease even though there is 
an adequate urinary output. 

MINTz 


Pollak, O. J.: Lecithin in the Development and Pre- 
vention of Atherosclerosis. Geriatrics 6: 73 
(March-April), 1951. 

There is evidence that the colloidal state of serum 

lipids are an important factor in the genesis o! 











atherosclerosis. The author injected stable lecithin 
sols to rabbits, with resulting damage particularly 
to the mediums of the large arteries. Other rabbits 
received various intravascular mixtures of cholesterol 
and lecithin. The small arteries and arterioles were 
predominately harmed by cholesterol. As visualized 
by tissue sections 30 minutes after injection of the 
cholesterol-lecithin mixture, the cholesterol effect 
alone persisted. Regardless of the proportion of the 
two substances, lecithin does not prevent intimal 
damage caused by cholesterol under the conditions 
of this experiment. 
WAIFE 


Meade, B. W., and Smith, M. J. H.: Salicylate, 
Gentisate, and Circulating Eosinophils. Lancet 
1: 773 (April 7), 1951. 

In order to determine the relationship of adrenal 
cortical stimulation to the administration of salicyl- 
ate and gentisate, the authors studied their effect 
on the eosinophil count of four subjects. Plasma- 
salicylate, and gentisate concentrations were used 
to guide these determinations and the studies were 
preceded by eosinophil counts after testing each 
subject with grain 1 of ephedrine. It was found that 
no significant depression of eosinophils occurred in 
the circulating peripheral blood with the plasma- 
salicylate concentrations up to 38 mg., and with 
gentisate concentrations up to 35 mg. per 100 ml. 
in normal subjects, while a decrease of about 50 
per cent in the number of circulating eosinophils 
occurred four hours after grain 1 of ephedrine was 
given. 

. Inasmuch as adrenocorticotropic hormone causes 

a pronounced eosinopenia these results suggest that 

the normal adrenal cortex is not stimulated by 

either salicylates or gentisate as administered in 
this study. 

TANDOWSKY 


Warshaw, L. J., Gold, H., Modell, W., Greiner, T. 
H., Kwit, N. T., Gluck, J. L., Otto, H. L., Kramer, 
M. L., and Zahm, W.: Subdermal Injection as a 
Mode of Administration of Mercurial Diuretics. 
J.A.M.A. 145: 1049 (April 7), 1951. 
Observations were made of the local reactions to 

1132 subdermal Meralluride injections in 200 cardiac 

patients with congestive failure. The doses varied 

from 0.5 ec. to 2.5 ec. Four hundred eighty-four of 
these injections were obtained from the 2 cc. ampules 
and in 648 injections were made from the 10 ce. 
vials. No appreciable difference between the two 
materials was evident. Three out of four patients 
tolerated subdermal Meralluride injections without 
reaction of any consequence. In the fourth patient 
reactions occurred in the form of pain, ecchymosis, 
fibrous nodules or a combination of these, with in- 
tensity sufficient to threaten the continuation of the 
treatment. In those patients found susceptible to a 
“troublesome” reaction the reaction did not occur 
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with each administration but were noted in one 
out of every three injections. “Troublesome” re- 
actions varied with the size of the dose and were 
noted more often when the injection was given in 
the arm than in the buttock. Diuretic efficacy did 
not vary between subdermal and intramuscular 
types of injection. Mercurophylline, mersalyl and 
theophylline were found to be much more active 
than Meralluride in the production of “trouble- 
some” reactions. The authors feel subdermal use 
of Meralluride may well afford a satisfactory method 
of self administration of mercurial diuretics. 
KITCHELL 





Taubenhaus, M., and Lev, M.: Clinical and Histo- 
logical Observations on a Case of Scleroderma 
Treated with Cortisone. Arch. Int. Med. 87: 583 
(April), 1951. 

A patient with diffuse scleroderma, involving the 
skin, the lungs and the esophagus, was treated with 
cortisone. Decided improvement of the esophageal 
peristalsis was observed under the influence of the 
hormone. The skin became more pliable and soft- 
ened, but there was no restitution to normal. No 
change in the pulmonary involvement was observed 
roentgenologically, although the cough stopped. Se- 
rial skin biopsy specimens taken before and during 
treatment revealed a loosening and thinning of the 
initially thickened and swollen collagen bundles 
under the influence of cortisone. The significance of 
these changes is discussed. 

BERNSTEIN 


McVay, L. V., Jr., and Sprunt, D. H.: Streptokinase 
and Streptodornase in the Treatment of Diabetic 
Gangrene. Arch. Int. Med. 87: 551 (April), 1951. 
Gangrene occurring in five diabetics was treated 

with a liquid containing about 100,000 to 400,000 

units of streptokinase and 40,000 to 150,000 units of 

streptodornase dissolved in sterile isotonic saline, 

to which Aureomycin powder was added to form a 

liquid which was applied locally every 24 hours to 

the gangrenous lesions. Excellent results were ob- 
tained in three cases, and definite improvement 
was noted in the remaining two. There has been no 
evidence of recurrence of gangrene. In one case of 
radiation necrosis following roentgen therapy for 
local transitional cell carcinoma, there was excellent 
response. It appears that “medical debridement” 
using streptokinase and streptodornase is of value in 
the conservative treatment of diabetic gangrene. 

BERNSTEIN 


Boas, N. F., and Soffer, L. J.: The Effect of Adreno- 
corticotropic Hormone and Cortisone on the 
Serum Hexosamine Level in Acute Disseminated 
Lupus Erythematosus. J. Clin. Endocrinol. 11: 
39 (Jan.), 1951. 

The serum hexosamine levels of 11 patients with 
acute disseminated lupus erythematosus were fol- 
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lowed during cortisone and ACTH therapy. Ten of 
these patients showed abnormally high levels before 
therapy, which invariably fell during treatment with 
either drug. When the dosages of these hormones 
were reduced to clinically ineffective levels, the serum 
hexosamine level invariably increased, to fall again 
when the dosages were increased. The initial fall 
was effected between three days and a week from 
the beginning of treatment. In six of the cases, in 
whom more frequent determinations were made, 
there was an initial rise in serum hexosamine level 
within three days after therapy was started, lasting 
one to five days, and followed by the usual fall. 
The hexosamine levels during the periods of most 
effective therapy fell with the normal range in only 
one instance. The possible relation of serum hexos- 
amine levels in acute disseminated lupus erythe- 
matosus to the increase in certain mucopolysac- 
charides seen pathologically in the connective tissue 
was discussed. 
CORTELL 


PHYSICAL SIGNS 


Groedel, F. M., and Borchardt, P. R.: Heart Mur- 
murs Recorded Intrathoracically. Exper. Med. & 
Surg. 9: 144 (Feb.), 1951. 

The authors recorded intrathoracic phonocardo- 
grams on three patients undergoing pneumolysis. 
The maximal frequency for heart sounds and mur- 
murs by this method was found to be 50 eveles per 


second. Extrathoracie phonocardiograms recorded 
faint murmurs with frequencies up to 125 cycles 
per second. The authors feel that the higher fre- 
quencies recorded on the chest wall are due to addi- 
tional frequencies which originate in the tissues (or 
the air space) placed in the path of the acoustic 
waves. 
GELFAND 


Lewes, D.: Diagnosis of Aortic Stenosis. Brit. M 

J. 4700: 211 (Feb. 3), 1951. 

Significant aortic stenosis, almost always calcare- 
ous, is a common clinical and pathologic entity. 
In this study, it occurred in 1.8 per cent of rotuine 
necropsies. 

In 25 proved cases of isolated calcareous aortic 
stenosis heart failure and infective endocarditis were 
the commonest causes of death. In only three cases 
was aortic stenosis an incidental postmortem find 
ing. 

A correct clinical diagnosis was made in just over 
half of the cases. On the basis of the classic signs of 
a slowly rising pulse, an aortic systolic murmur and 
thrill, and an absent second sound, less than one- 
sixth of the cases would have been recognized clini- 
cally. 

Reasons are given to show that considerably 
more than half the reported cases might have been 
correctly diagnosed in life. A more careful evalua- 
tion of harsh aortic systolic murmurs and demonstra- 


tion by fluoroscopy of grossly calcified aortic valyes 
could have settled the diagnosis in some cases: 4 
closer study of the natural history of the disease 
after the onset of symptoms should have directed 
attention to the valvular lesion in others. 
BERNSTEIN 


Braun, H. A., and Correau, W. J.: The Importance 
of a High-Pitched Squeaking Systolic Murmur 
in the Diagnosis of Aortic Stenosis and Calcifici- 
tion of the Aortic Valve. New England J. Me: 
244: 507 (April 5), 1951. 

The authors call attention to a squeaking «/ 
whistling systolic murmur which is usually loude-t 
in the apical region, left sternal border or lower 
precordium. This murmur is said to be associate: | 
always with a rough or rasping systolic murmu 
with or without a high pitched quality, and som 
times quite faint in intensity, located in the riglit 
second intercostal space. These murmurs are sai 
to be very suggestive of aortic stenosis or calcifica 
tion of the aortic valve. The authors observe that 
the earliest finding in aortic stenosis is a relativel) 
faint systolic murmur with a definitely harsh quality, 
with or without a terminal high-pitched component 
localized in the second right intercostal space. Aortic 
stenosis may be present even though the other 
clinical studies disclose a normal or even accentuated 
aortic second sound, a wide pulse pressure, a normal 
electrocardiogram, a normal heart size and even 
normal cardiac configuration on x-ray examination. 
It is emphasized that the murmur of aortic stenosis 
may be most prominent at or near the apex rather 
than in the aortic area. Six illustrative cases are 
described. 

RosENBAUM 


PHYSIOLOGY 


Guyton, A. C., Batson, H. M., and Smith, C. M.: 
Adjustmeats of the Circulatory System following 
Very Rapid Transfusion or Hemorrhage. Am. J. 
Physiol. 164: 351 (Feb.), 1951. 

After rapid, massive transfusion in normal dogs, 
arterial and venous pressures rise and then return 
to control levels within a few minutes. During the 
readjustment of pressures, 65 per cent of the fluid 
given leaves the vessels in the first two minutes. 
Neither pressoreceptor denervation nor spinal anes- 
thesia changes this result. The level to which blood 
pressure returns after transfusion is largely deter- 
mined by sympathetic activity and not much b) 
the transfusion. After massive hemorrhage the return 
of pressure is only partial because interstitial fluid 
enters the circulation very slowly. 

OpPENHEIMER 


Woodbury, L. A., Hecht, H. H., and Christopher- 
son, A. R.: Membrane Resting and Action Po- 
tentials of Single Cardiac Muscle Fibers of th 
Frog Ventricle. Am. J. Physiol. 164: 307 (Feb 
1951. 


















Excitation and recovery records were obtained 
using microelectrodes having tips of less than 1 
micron in diameter. Frog heart muscle fibers have 
average resting potentials of 64.5 mv. and average 
action potentials of 77.2 mv. At depolarization 
(single fibers) the resting potential falls rapidly until 
the interior of the cell becomes positive by an average 
of 12.7 mv. at the height of excitation. Onset of 
depolarization coincides with beginning of QRS 
and the end of repolarization with T wave when 
simultaneous surface records are obtained. Closely 
adjacent cells show different voltages and durations. 
The duration of membrane action potential decreases 
as heart rate increases. 

OpPENHEIMER 


Brooks, C. McC., Orias, O., Gilbert, J. L., Sicbens, 
A. A., Hoffman, B. F., and Suckling, E. E.: 
Auricular Fibrillation: Relation of ‘Vulnerable 
Period’ to ‘Dip’ Phenomenon of Auricular Ex- 
citability Curve. Am. J. Physiol. 164: 301 (Feb.), 
1951. 

The authors demonstrated an association between 
the vulnerability to fibrillation and asymmetries in 
the progression of normal atrial recovery after a 
previous response. This vulnerability coincides with 
the major dip area of the excitability-recovery curve 
of the dog’s atrium. The interval during which 
stimulus strengths well above the threshold produce 
no response at all (“disappearance phenomenon”’), 
although somewhat weaker supraliminal stimuli 
cause fibrillation, tends to precede and overlap the 
period of vulnerability. 

OPPENHEIMER 


Daley, R., Wade, J. D., Maraist, F., and Bing, R. J.: 
Pulmonary Hypertension in Dogs Induced by 
Injection of Lycopoduim Spores into the Pul- 
monary Artery, with Special Reference to the 
Absence of Vasomotor Reflexes. Am. J. Physiol. 
164: 380 (Feb.), 1951. 

The authors concluded, on the basis of injection 
of lycopodium spores into the pulmonary artery, 
that local embolism does not cause generalized 
vasoconstriction. Injections into the main pulmonary 
artery caused a considerable rise in pulmonary blood 
pressure but injections confined to a lobe did not do 
so. In the main, pulmonary end artery pressure 
and pulmonary arteriolar resistance rose as the 
pulmonary arterial pressure rose. Rises in pulmonary 
pressure due to lycopodium spores was not pre- 
vented by bilateral cervical section of the vagus 
nerves or by bilateral section of the thoracic anterior 
roots. In one dog an extensive bilateral upper 
thoracic sympathectomy did not prevent the rise. 
These spores produce hypertension by occluding 
pulmonary arterioles. They do not reach the sys- 
temic circulation. Repeated injections can produce 
a persistent pulmonary hypertension of several weeks 
duration. 

OPPENHEIMER 
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Nichol, J., Gerling, F., Jerrard, W., Claxton, E. B., 
and Burton, A. C.: Fundamental Instability of 
the Small Blood Vessels and Critical Closing 
Pressures in Vascular Beds. Am. J. Physiol. 164: 
330 (Feb.), 1951. 

By direct observation, with microphotography 
in frog mesentery, and by measuring resistance to 
flow in isolated frog hind limb and isolated rabbit 
ear, critical closing pressures were studied. Critical 
closing pressures were considered to have been 
demonstrated if flow becomes zero while there is 
still a positive head of perfusion pressure. The criti- 
cal closing pressure is the pressure head measured 
at this point. Small vessels of frog mesentery act 
very much like rigid tubes when perfusion pressure 
is high but are very unstable when pressure is below 
10 cm. saline. Flow ceases in perfused frog hind 
limb at 3 to 6 cm. saline. This residual critical clos- 
ing pressure is due to interfacial tension between 
perfusate and vessel which it does not completely 
wet. In rabbit’s ear or hind limb the presence of 
vasomotor tone raises critical closing pressures above 
these residual values, at times even to values above 
existing arterial blood pressure. Resistance is well 
correlated with critical closing pressures at high 
pressures. The authors point out that vascular 
spasm may be considered as indicating that critical 
closing pressure has risen above arterial blood pres- 
sure. Under these circumstances raising the intra- 
arterial pressure (as by arterial transfusion) would 
forcibly open vessels and give an appreciable flow. 
OPPENHEIMER 


Perley, A., Forbes, G. B., and Pennoyer, M. M.: 
Determination of Sodium Space in Infants, Chil- 
dren, and Adults. J. Pediat. 38: 299 (March), 
1951. 

The sodium “space” as determined by the use of 
radioactive sodium was determined in 37 infants 
and children ranging in age from 16 hours to 14 
years, and in 19 men from 22 to 34 years of age. 
The volume of sodium distribution at any given 
time was computed by dividing the quantity of 
sodium injected by the quantity in 1 ce. of serum. 
One hour and forty-five minutes to four hours and 
thirty minutes was permitted for the distribution 
of sodium in the infants and children, and in the 
adults, two hours and forty-five minutes to three 
hours and forty-five minutes was allowed for equili- 
bration. The volume of fluid through which radio- 
active sodium was rapidly distributed (sodium 
“space’’) was computed as percentage of body 
weight, and varied from 23.2 to 51.7 per cent in the 
infants and children, and from 19.7 to 35.8 per 
cent in the adults. The sodium “space” was in 
general considerably higher in young infants than 
in older children, and somewhat lower in the adults 
than the older children. 

The authors state that the data indicates that the 
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volume of fluid occupied by sodium in relation to 
body weight declines as growth proceeds. 
MARGOLIES 


Croxatto, H., Rojas, G., and Barnafi, L.: An Anti- 
diuretic Substance Obtained by Digestion of Glob- 
ulin with Pepsin. Science 113: 494 (April 27), 
1951. 

When the globulin fraction of the plasma contain- 
ing hypertensinogen is treated with pepsin a hyper- 
tensive principle (pepsitensin) is obtained. Another 
substance with marked oxytocic effect is also pro- 
duced. The authors describe a third substance which 
is obtained if extracts containing pepsitensin are 
digested again with pepsin at a pH of 2.5 to 3.5 
for twenty-four hours. This substance produces an 
intense antidiuretic action. The results suggested a 
close relationship among pepsitensin, hypertensin, 
vasopressin, and oxytocin. 

WaAIFE 


RHEUMATIC FEVER 


Ibrahim, M., Sorour, A., and Elsherif, A.: Splenic 
Enlargement in Congestive Heart Failure and 
Active Rheumatic Infection. Brit. Heart J. 13: 
212 (April), 1951. 

The authors analyzed the incidence of splenic 
enlargement in 206 individuals with congestive fail- 
ure and in 67 with active rheumatic carditis without 
failure. 

There were seven instances of splenic enlargement, 
three with failure and active rheumatic carditis, 
two with failure due to chronic rheumatic heart 
disease and two with rheumatic infection without 
failure. No splenic enlargement was present in the 
absence of a rheumatic etiology. 

Predominant hepatic congestion or active rheu- 
matic infection appears to predispose to splenic 
enlargement. 

SOLOFF 


Rantz, L., Maroney, M., Di Caprio, J.: Antistrep- 
tolysin O Response following Hemolytic Strep- 
tococcus Infection in Early Childhood. Arch. Int. 
Med. 87: 360 (March), 1951. 

Respiratory infection with group A hemolytic 
streptococcus and the associated antistreptolysin 
response were studied in infants and children. Three 
distinct antistreptolysin response patterns were dis- 
covered. Antibody production was feeble in infants 
and a few older children. The response was vigorous, 
but levels of antibody were poorly maintained in a 
group with an older average, but with wide ex- 
tremes of age. The response was vigorous and titers 
were well maintained in a still older group of chil- 
dren. 

Evidence is presented which indicates that these 
varying patterns of antibody response with ad- 


yancing age are the result of conditioning of the 
antibody-forming organs by repeated infection with 
hemolytic streptococci although it is reasonable to 
suggest that the increased peak levels attained and 
the better maintenance of titers are simply the 
results of maturation of the antibody-forming ap- 
paratus. 

The possible relationship of the immunologic phe- 
nomena in the elucidation of the pathogenesis of 
rheumatic fever is discussed. 

BERNSTEIN 


Browning, J. S., Rice, B., and Ulrich, C.: Altera- 
tions in Blood Proteins in Rheumatoid Patients. 
Am. J. M. Se. 221: 183 (Feb.), 1951. 

The method of Jager and Nickerson was employed 
to determine the concentration of gamma globulin 
in the blood of patients with rheumatoid arthritis, 
rheumatic fever, infectious arthritis, and degenera- 
tive joint disease. In addition, antistreptolysin titers 
were obtained on the sera of these patients. The 
results demonstrated that the gamma globulins are 
elevated in rheumatoid arthritis and rheumatic fever 
as shown in previous studies using electrophoresis. 
However, it was felt that the complexity of the 
procedures did not warrant their use as a part of 
the study of patients with these diseases. Only 13 
of the 52 rheumatoid arthritis patients sustained an 
elevated antistreptolysin titer, while all the rheu- 
matic fever sera manifested elevated titers for this 
antibody. There was no definite parallel between 
gamma globulin concentrations and antistreptolysin 
titers. 

SHUMAN 


Bunim, J. J.: The Clinical Effects of Cortisone and 
ACTH on Rheumatic Diseases. Bull. New York 
Acad. Med. 27: 75 (Feb.), 1951. 

The effects of cortisone and ACTH on rheumatic 
fever, rheumatoid arthritis, lupus erythematosus, 
dermatomyositis, and scleroderma are presented on 
the basis of 44 patients treated by the author. 
Marked clinical improvement was found frequently 
in patients with rheumatoid arthritis and acute 
rheumatic fever, less frequently in lupus erythem- 
atosus, and least in scleroderma and dermato- 
myositis. The therapeutic results were determined 
to a large extent by the severity and duration of the 
disease and the ratio of reversible to irreversible 
changes present prior to the institution of treatment. 
Although in many cases a striking clinical and labora- 
tory remission or even a life-saving action was ap- 
parent, there was no conclusive evidence that the 
disease was cured or even that its ultimate course 
was significantly altered. After discontinuation of 
hormonal therapy relapses or recurrences generally 
occurred. Reversible side effects resulting from ex- 
cessive adrenal cortex stimulation by ACTH or 
from increased amounts of exogenous cortisone were 
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observed in a number of patients, but did not seem 
to interfere with the therapeutic effects. 


SAGALL 


Wolff, G.: Death Toll from Rheumatic Fever in 
Childhood. J.A.M.A. 145: 719 (March 10), 1951. 
The author shows that the total annual death 

toll from rheumatic fever and rheumatic heart dis- 

ease has decreased to less than 3000 in 1946 and a 

little above 2500 in 1948. Mortality from rheumatic 

fever plus diseases of the heart holds an increasingly 

high place among fatal diseases in white children 5 

to 19 years of age. The reason for this is the decline 

in other childhood diseases rather than in increase 
in rheumatic fever. Mortality from rheumatic dis- 
eases among white children has distinctly decreased 
over the past decade. The downward trend among 
nonwhite children is not consistent. There seems to 
be a distinct rise with age in mortality in each suc- 
ceeding age group from 5 to 19 years for both races 
and sexes. Death rates are consistently higher for 
nonwhite children than for white, suggesting that 
unfavorable environment increases the risk of dying 
from rheumatic heart diseases. Death rates were 
somewhat higher among girls than among boys, an 
exception being the lower rate for white girls 15 to 

19. Geographical variations showed that the death 

rates (adjusted for race composition) were below 

average in the three southern divisions, while in 

the Northeast, especially the Middle Atlantic divi- 


sion, they were significantly above average. In the 
Pacific division the death rates were low and sig- 
nificantly below the country’s average, while in the 
Mountain division they were exceptionally high for 
white children. 


KITCHELL 


Wannamaker, L. W., Rammelkamp, C. H., Jr., 
Denny, F. W., Brink, W. R., Houser, H. B., 
Hahn, E. O., and Dingle, J. H.: Prophylaxis of 
Acute Rheumatic Fever by Treatment of the 
Preceding Streptococcal Infection with Various 
Amounts of Depot Penicillin. Am. J. Med. 10: 673 
(June), 1951. 

Results of large scale, controlled observations on 
the prevention of acute rheumatic fever in acute 
streptococcal respiratory infections by the prophy- 
lactic use of depot penicillin indicate that the inci- 
dence of acute rheumatic fever is sharply reduced by 
adequate and prompt penicillin prophylaxis, that 
streptococci usually disappear from the oropharynx, 
and that there is marked inhibition of antibody 
(antistreptolysin) formation. The most marked anti- 
body inhibition was obtained by three injections 
of penicillin totaling 1,200,000 units over a 96 hour 
period. In 1178 patients receiving penicillin only a 
total of 10 developed rheumatic fever while in 1162 
patients with exudative tonsillitis or pharyngitis 
who did not receive penicillin 42 cases of rheumatic 


fever occurred, Reinfection with a new type of strep- 
tococcus frequently occurred when the interval be- 
tween the onset of the observed attack of tonsillitis 
or pharyngitis and the onset of rheumatic fever was 
prolonged. 

Harris 


Brewer, T. F.: Steroid Hormones in Rheumatic 
Heart Disease. J. Clin. Endocrinol. 11: 146 
(Feb.), 1951. 

The author reports on the effect of 500 mg. of 
progesterone and 33.3 mg. of estradiol benzoate 
given together intramuscularly on 64 patients with 
rheumatic fever, ranging in age from 3 to 39 years. 
Twenty patients had typical polyarthritis, 10 had 
rheumatic carditis, and 34 had both features. The 
doses of progesterone and estradiol compare in mag- 
nitude with the amounts of these hormones ex- 
creted during the late stages of pregnancy. During 
the period of hormone injection, all other therapy 
was withheld. The injections were given at four to 
eight day intervals, with two to nine injections 
being necessary during any one attack. Satisfactory 
responses, that is, disappearance of all signs of 
rheumatic activity, were recorded for 49 patients; 
slight responses, in which pain and temperature were 
reduced but not abolished, and other signs remained, 
in five patients; and no benefit at all in 10 patients. 
Side actions reported were euphoria, drowziness, 
mammary enlargement, and uterine withdrawal- 
bleeding. In some older males there was a slight 
diminution of libido. 

CoRTELL 


ROENTGENOLOGY 


Keyes, T. F., Wegelius, C., and Lind, J.: Diagnostic 
Value of Dynamic Studies in Angiocardiography. 
Evaluation of New Rapid Technique. J. Thoracic 
Surg. 21: 164 (Feb.), 1951. 

A rapid method of angiocardiography capable of 
taking up to 16 pictures per second is described. 
Two magazines of cassettes are used, one in the 
horizontal plane and the other in the vertical, the 
maximum in each plane being 70 cassettes. By means 
of strong spiral springs in the bottom of the maga- 
zines, the packs of cassettes are pressed against a 
rotating disk in which there is a radial slit. With 
each revolution the disk catches the upper cassette 
from the magazine and brings it in position to be 
exposed. During the exposure all the other cassettes 
are protected from radiation by the disk. The ex- 
posed cassette is ejected by a spring wheel into a 
collecting bag just before the disk engages the next 
one. 

From this method, conclusions can be drawn re- 
garding the extreme and intermediate changes in 
size and shape of the heart cavities during the cardiac 
cycle and also the hydrodynamics of the fluid flow- 
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ing through the different chambers. In addition, 
with frequent sequence of exposures, it is possible 
to show such only momentarily visualized events 
as the transient filling of a patent ductus and even 
small shunts inside the heart. 

ABRAMSON 


Camp, J. D.: Cerebral Angiography : Roentgenologic 
Aspects. Proc. Staff Meet. Mayo Clin. 26: 140 
(April), 1951. 

Fundamentally, the arteries supplying the cere- 
brum are surface vessels; therefore, the most ob- 
vious changes seen in cerebral angiograms are those 
associated with lesions situated on or near the sur- 
face of the brain. The frequent variations in the 
course, the site of origin and, occasionally, in the 
size of normal cerebral vessels, present a problem 
in the interpretation of angiographic findings that 
is confounding even to the most experienced ex- 
aminer. The angiographic signs of intracranial dis- 
ease may be classified as direct or indirect. The direct 
signs, which consist of nonfilling, intrinsic alterations 
in the shape or caliber of the lumen, and abnormal 
combinations of vessels, occur in the presence of 
lesions primary within a vessel itself, such as coare- 
tation, thrombosis, aneurysm or arteriovenous fistula. 
The indirect angiographic signs are those changes in 
the vascular pattern which result from a lesion ex- 
trinsic to the blood vessels. These signs consist es- 
sentially of lack of filling or displacement of vessels, 
or both. The value of cerebral angiography as related 
to pneumoencephalography and ventriculography 
must be established by a review of experiences with 
both procedures in similar cases. At the present time, 
with the exception of primary vascular lesions, other 
lesions that are central, intraventricular, parasagit- 
tal, or in the posterior fossa are usually localized 
more satisfactorily by pneumography. As a matter 
of fact, in many cases in which an actual tumor 
pattern is not disclosed by angiography, pneumog- 
raphy may be indicated because the interpretation 
of the actual size and position of a mass as revealed 
by indirect angiographic signs alone is often difficult 
even for an experienced observer. Two other factors, 
namely, (1) the protection of personnel and the 
patient, and (2) the cost of the examination, require 
consideration in any discussion of this diagnostic 
procedure. 

Srmon 


SURGERY IN HEART AND 
VASCULAR SYSTEM 


Sha firoff, B. G. P.: Congenital Absence of the Peri- 
cardium. A Case Report. J. Thoracic Surg. 21: 
30 (Jan.), 1951. 

A case is reported of congenital deficiency of the 
pericardium. The diagnosis was made on postmortem 
examination. Except for fixation by the inferior 
vena cava, the distal part of the heart was perfectly 


free and unattached to the diaphragm. The heart 
was covered by epicardium but was completely 
devoid of pericardium except for a rudimentary 
fold which extended around the right border. 
ABRAMSON 


Sugar, O.: Pathological Anatomy and Angiography 
of Intracranial Vascular Anomalies. J. Neuro- 
surg. 8: 3 (Jan.), 1951. 

Anomalies of the adult cerebral vascular tree have 
been explained as defects in the resolution of the 
embryonal vascular spaces. A second view is that 
congenital aneurysms arise from persistent pressure 
against a weak spot; this is usually located at a 
bifurcation where one of the arterial coats may be 
inadequate. 

The author presents angiograms showing vascular 
anomalies and points out that the defects are em- 
bryonic. He feels they are the residua of vessels which 
normally disappear; or they arise from persisting 
defects of the media not necessarily at a point of 
bifurcation. 

Aneurysms, telangiectases, arteriovenous com- 
munications, and hemangioblastomas are all based 
on embryologic vascular malformations. Cerebral 
angiograms are of value in detecting and outlining 
the anatomy of these lesions. 

FROBESE 


Hallenbeck, G. A., Wood, E. H., Burchell, H. B., 
and Clagett, O. T.: Coarctation of the Aorta; the 
Relationship of Clinical Results to Cardiovascular 
Dynamics Studied before, during, and after Surgi- 
cal Treatment. Surg., Gynec. & Obst. 92: 75 
(Jan.), 1951. 

Studies of cardiovascular dynamics were per- 
formed on 31 patients with coarctation of the aorta 
before and after resection and end-to-end anastomo- 
sis of the vessel at the site of the stricture. Blood 
pressure readings were obtained from the radial 
and femoral arteries and recorded graphically, using 
strain gage manometers and indwelling arterial 
needles. 

It was found that, whereas the pressures in the 
femoral and radial arteries of normal subjects lying 
supine were equal, in the case of patients with co- 
arctation of the aorta, the average pressure in the 
radial was 195/95 as compared with 111/81 for the 
femoral artery. Following operation, there was a 
tendency for the figures to approach each other. The 
results obtained with end-to-end anastomosis of the 
aorta showed a closer approximation to normal than 
were obtained in those cases in which an end-to-end 
anastomosis was carried out between the left sub- 
clavian and the aorta distal to the stricture. It was 
the opinion of the authors that the former procedure 
also gives better results on the basis of clinical evalu- 
ation. 

ABRAMSON 
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Emerson, E. C., and Muller, J. J.: Treatment of 
Varicose Veins with a Flexible Stripper. Surgery 
29:71 (Jan.), 1951. 

The authors performed a stripping operation on 
90 patients with varicose veins using a flexible 
stripper consisting of a cable of several wires with 
a cove-shaped flange on either end. First a high 
saphenous ligation was done at the saphenofemoral 
junction, and the stripper was introduced into the 
proximal end of the vein. The vessel was then picked 
up on the medial side of the knee or ankle through 
a small transverse incision. The vein was stripped by 
traction in a jerking manner, and bleeding from torn 
tributaries was controlled by immediate firm manual 
pressure by the operator. After suturing the wound, 
a firm elastic dressing was applied from the toes to 
the groin. The patients were discharged either on 
the day of operation or one or two days later. No 
complications occurred. It is felt that the flexible 
stripper has certain advantages over the older rigid 
instruments. 

ABRAMSON 


Cowley, R. A., Sloan, H. E., and Sullenberger, N. H.: 
Successful Repair of an Aortic Aneurysm with 
Sternal Perforation. J. Thoracic Surg. 21: 159 
(Feb.), 1951. 

A case is reported of an aortic aneurysm with 
sternal perforation which was treated by wrapping 
the neck of the sac with strips of polythene. Ap- 
proximately two-thirds of the aneurysm was covered 
in this manner. Subsequently the mass began to 
decrease in size, and within four months after the 
operation it was no longer apparent. 

The authors find that polythene strips are su- 
perior to whole sheets of this material, since using 
strips allows for closer approximation of the film to 
all parts of the vessel wall. 

ABRAMSON 


Mock, C. J., and Julian, O. C.: Bilateral Dorsal 
Sympathectomy for Hyperhidrosis. Comparison 
of Response to Adrenalin and Pilocarpine of Pre- 
ganglionic and Postganglionic Sympathectomy in 
Same Patient. Angiology 2: 71 (Feb.), 1951. 

A patient with hyperhidrosis of both hands under- 
went a preganglionic sympathectomy on one side 
and a postganglionic sympathectomy on the other. 
Excessive sweating was abolished bilaterally during 
a two month period of observation. In response to 
adrenaline, skin temperature fell more promptly or 
to a greater degree on the side of the postganglionic 
section. In response to pilocarpine, sweating ap- 
peared only on the side of the postganglionic section. 

WESSLER 


McAllister, F. F., Leighninger, D., and Beck, C. S.: 
Revascularization of the Heart by Vein Graft 
from Aorta to Coronary Sinus. Ann. Surg. 133: 
153 (Feb.), 1951. 

A progress report on the problem of revasculariza- 
tion of the heart is presented. Arterial blood has 
been directed into the coronary sinus by inserting 
a free vein graft between the aorta and the coronary 
sinus. Arterial inflow must be restricted by an aortic 
stoma no larger than 3.5 to 4.0 mm. diameter. The 
coronary sinus should not be completely ligated 
either as a preliminary, simultaneous, or subsequent 
secondary procedure. If it is, too much blood is in- 
troduced into the venous tree, so that the pressure 
approaches aortic levels and blood flow becomes 
greatly reduced. The excessive pressure causes car- 
diac failure or myocardial hemorrhage and scarring, 
and the reduced blood flow results in thrombosis of 
the grafts. If a vein graft is inserted between the 
aorta and the coronary sinus and if the sinus is left 
open so as to create an aortic-right auricular fistula, 
the operation is exceedingly well tolerated. Forty- 
seven consecutive cases have been done without 
mortality and the grafts have remained open in 65 
per cent of the cases. This procedure, of itself, fur- 
nishes some protection to the heart against occlusion 
of a major coronary artery. If, at a second stage, 
the coronary sinus is partially occluded to 3 mm. 
diameter, there is no further mortality nor does it 
cause the grafts to become thrombosed. On the other 
hand, this two stage procedure has protected 12 out 
of 13 dog hearts against occlusion at its origin of the 
anterior descending branch of the left coronary 
artery. 

BECK 


Master, A. M., and Jaffe, H. L.: The Cardiac Patient 
and Operation. J. Mt. Sinai Hosp. 17 : 934 (March— 
April), 1951. 

If certain precautions are taken to avoid anoxia, 
the compensated cardiac patient usually withstands 
surgery almost as well as the one without heart 
disease. Operation should be postponed, if possible, 
in the presence of recent infarction, status anginosus, 
or congestive failure, but these conditions should 
not be considered contraindications to imperative 
operation. In less urgent conditions or operations of 
choice, whether operation should be performed de- 
pends upon the surgical indication rather than the 
cardiac disease. In general, patients with hyperten- 
sion or chronic rheumatic cardiovascular disease, 
particularly aortic insufficiency, tolerate operation 
best among cardiacs, but aortic stenosis is more un- 
certain. In complete A-V block, the risk is greatly 
increased. 

In the cardiac patient special attention must be 
paid to the choice of anesthesia, the prevention of 
blood loss by transfusion, the prevention of infec- 
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tion by antibiotics, and the prompt treatment of 
paroxysmal arrhythmias which may develop. 
CorTELL 


THROMBOEMBOLIC PHENOMENA 


Proffitt, J. N., Yarborough, J. A., Auerbach, S. T., 
and McCleery, R. S.: Left Auricular Appendage 
Thrombosis with Aortic and Multiple Arterial 
Emboli. Ann. Surg. 133: 109 (Jan.), 1951. 

A case is reported of a patient with auricular 
fibrillation in whom four separate episodes of periph- 
eral embolization occurred. The first involved the 
right femoral artery, the second, the aorta at the 
bifureation, the third, the left femoral artery and 
the fourth, the superior mesenteric artery. The first 
three occurred within a matter of several days and 
in each instance was treated by embolectomy. How- 
ever, the left lower extremity could not be saved 
and was amputated. The abdominal involvement 
took place 30 days after the last peripheral embolus 
and was treated by exploration 18 hours after the 
onset. The small bowel was found infarcted and the 
entire involved area was resected and an end to side 
jejunocolostomy was done. However, the patient 
suddenly died on the eighth postoperative day. At 
autopsy, mural thrombosis was present only in the 
left auricular appendage, and this showed early or- 
ganization. 

It was of interest that the aortic embolus occurred 
while the patient was on dicumarol and with pro- 
thrombin levels in the neighborhood of 10 per cent 
of normal for five days immediately prior to the 
episode. 

ABRAMSON 


Loewe, L., Berger, L., and Lasser, R. P.: The Pre- 
vention of Thromboembolism. Angiology 2: 26 
(Feb.), 1951. 

The authors believe that the application of an 
extensive prophylactic program can diminish the 
incidence of thromboembolic disease. Weight re- 
duction, correction of anemia, medical supervision 
of cardiac abnormalities, correction of varicose veins, 
good diet, early ambulation postoperatively, and 
leg exercises, pressure dressings, and avoidance of 
calf compression following surgery are all part of 
an adequate prophylactic regime. The value of anti- 
coagulant therapy is accepted. The drug of choice 
at present is considered to be a long acting repository 
heparin compound because of the simplicity of ad- 
ministration, rapid and prolonged effect, wide margin 
of safety, and minimal laboratory control. 

Details are given for prophylaxis following general 
and orthopedic surgery, delivery, and acute myo- 
cardial infarction. The prophylactic management of 
patients with auricular thrombus and embolization, 
recurrent coronary occlusion, or recurrent idiopathic 
thromboembolism is outlined. The authors cite their 
objections to prophylactic vein ligation. 


WESSLER 
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VASCULAR DISEASE 


Proctor, W. H.: Arteriovenous Fistula of the Aortic 
Arch. J.A.M.A. 144: 818 (Nov.), 1950. 
Arteriovenous communications involving almost 

every vessel in the body have been reported, includ- 

ing two reports of successful treatment of arterial 
venous fistula of the abdominal aorta. The present 
is the first report of an arteriovenous fistula due to 
trauma involving the thoracic aorta. In November 
1946, the patient was in an accident in which he 
received a small laceration at the base of the neck 
thought to be due to flying glass from a shattered 
windshield. One year later the patient began to 
complain of shortness of breath on exertion, palpita- 
tion, and swelling of the feet, legs and abdomen. He 
was treated as a case of congestive heart failure. In 

May 1948 he first began to notice buzzing at the 

base of his neck just beneath the scar of the wound. 

This buzzing increased in intensity and became 

audible when the patient lay on the left side. Symp- 

toms increased in severity until January 1949 when 
he was admitted to the hospital. The patient was 
studied extensively and treated for his heart failure. 

On March 11, 1949, operation was performed and 

a fistulous connection between the aorta and the 

left innominate vein was found. After repair there 

were no more signs of cardiac failure. In December 

1949 the patient had no symptoms except for slight 

residual pain in the left shoulder. 

KITCcHELL 


Jourdan, F., Collet, A. and Masbernard, A.: The 
Arterial Reaction of the Brain to Traumatic Shock. 
Compt. rend. Soc. de biol. 144: 1507 (Nov.), 1950. 
The reaction of the cerebral circulation to trauma- 

tic shock produced experimentally in dogs was 

followed by direct inspection of the surface of the 
brain in situ. The reaction of cerebral arterioles of 

30 to 50 microns in diameter was studied in enlarged 

microphotograms. 

The authors found that the caliber of the vessels 
remained unchanged or showed only insignificant 
variations throughout all phases of shock and ap- 
peared independent from variations of blood pres- 
sure. In contrast to other vascular systems of the 
organism, the cerebral circulation seems to react to 
a drop in the intravascular pressure by active vaso- 
dilatation instead of constriction. From the patho- 
physiologic point of view, this represents an attempt 
of the organism to maintain during shock the circula- 
tion in vital areas like in the brain. 

Pick 


Dolger, H.: Vascular Complications of Diabetes 
Mellitus. Bull. New York Acad. Med. 26: 779 
(Dec.), 1950. 

An average of about 13 years duration of diabetes 
has heen noted as the time of first appearance of 
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secondary degenerative changes in both juvenile 
and adult diabetes. 

Dolger has noted diabetic retinopathy in every 
instance of juvenile diabetes within a 25 year dura- 
tion of the disease. The course of degeneration in 
juvenile diabetes varied widely, with no apparent 
relation to the amount of insulin required or to the 
ability to control glycosuria. 

Vascular complications include: premature arterio- 
sclerosis as measured by retinopathy, hypertension 
and albuminuria; and increased incidence of coro- 
nary artery disease and peripheral vascular disease, 
leading on occasion to gangrene. 

Nerve tissue, including the retina, represents the 
most sensitive indicator of vascular damage. Thus 
diabetes may lead to peripheral neuropathy, oc- 
clusion of the posterior inferior cerebellar artery, 
intramedullary hemorrhage with transient external 
ocular muscle paralysis, and pupillary abnormalities 
including Argyll Robertson pupils. 

The vascular lesions in both nerve and retinal 
tissue, being irreversible, do not respond to the ad- 
ministration of vitamin or protein supplements, or 
to treatment of the underlying diabetic state itself. 

WHITE 


Dornhorst, A. C., and Sharpey-Schafer, E. P.: A 
Method of Estimating the Collateral Resistance 
during Obstruction of the Main Artery to a Limb. 
Lancet 260: 81 (Jan.), 1951. 

Blood flow and blood pressure were measured in 
the forearm and hand, with the main artery open 
and occluded in a resting state and during reactive 
hyperemia. The data allowed the calculation of the 
resistance of the collateral vessels with the artery 
occluded. An example is given of a patient with 
osteitis deformans of one humerus in whom collateral 
resistance was found to be five times greater on the 
normal than on the affected side. This method can 
be used for the study of limbs with occlusive arterial 
disease, provided local arterial pressure can be 
measured. 

BERNSTEIN 


Sokoloff, L., Wilens, S. L., and Bunim, J. J.: Arteritis 
of Striated Muscle in Rheumatoid Arthritis. Am. 
J. Path. 27: 157 (Jan.), 1951. 

The authors state that biopsy of the gastrocnemius 
muscle in cases of rheumatoid arthritis yields a posi- 
tive finding in 8.8 per cent, namely, arteritis in- 
volving small vessels. It consists of a localized 
infiltration, mostly monocytic, occasionally poly- 
morphonuclear, in the adventitia. In some cases it 
has penetrated into the intima but it does not cause 
necrosis, thrombosis or aneurysm. It appears to 
heal by resolution without permanent injury. These 
lesions are sufficiently distant from the diseased 
joints to permit their classification as an independent 
development. A control study of 111 patients showed 
that this type of arteritis does not occur in other 


disease states and that it is characteristic of rheu- 
matoid arthritis. It is not related to any particular 
phase of the disease and the authors are convinced 
that antiarthritic therapy is not a factor in the patho- 
genesis. To a certain degree it resembles the arteritis 
of rheumatic fever and to this extent a further con- 
nection is noted between the two diseases. 
GOULEY 


Warren, J. V., Nickerson, J. L., and Elkin, D. C.: 
The Cardiac Output in Patients with Arterio- 
venous Fistulas. J. Clin. Investigation 30: 210 
(Feb.), 1951. 

Forty-seven patients with arteriovenous fistulas 
were studied before and after surgical operation. 
The cardiac output was determined by the low 
frequency, critically damped _ballistocardiograph, 
which was checked against comparative studies by 
the direct Fick technic. The blood volume was meas- 
ured by Evans blue dye. 

Based on the postoperative value, the preoperative 
cardiac outputs range from 127 per cent above to 
21 per cent below the normal resting cardiac output. 
In the authors’ experience, a variation of as much as 
25 per cent above or below a selected cardiac output 
may be expected on repeated measurements on 
different days in normal subjects. The arterial blood 
pressure showed little variation pre- and postopera- 
tively. The alteration in cardiac output was pre- 
dominantly the result of a change in stroke volume 
rather than pulse rate. 

In general the 25 patients (53 per cent) with an 
elevated cardiac output were the ones with clinical 
evidences of large fistulas. In this group, however, 
there was no striking correlation with the change in 
sardiac size, blood volume, pulse rate, nor with dura- 
tion of the fistula. 


WAIFE 


Nickerson, J. L., Elkin, D. C., and Warren, J. V.: 
The Effect of Temporary Occlusion of Arterio- 
venous Fistulas on Heart Rate, Stroke Volume, 
and Cardiac Output. J. Clin. Investigation 30: 
215 (Feb.), 1951. 

This is a report on ‘“‘Branham’s sign” and related 
phenomena in 25 patients with traumatic arterio- 
venous fistulas. In 17 patients (68 per cent) the 
heart rate decreased more than 4 beats per minute 
and in one case as much as 32 beats per minute when 
the arteriovenous fistula was occluded. In the re- 
maining 8 cases the rate changed only 4 or fewer 
beats per minute. In 19 patients (76 per cent) the 
stroke volume decreased 10 cc. or more per stroke. 
Changes in arterial pressure were not significant, but 
uniformly consisted of an increase in diastolic pres- 
sure and frequently an increased systolic pressure 
upon occlusion of the fistula. 

“Branham’s sign’ was blocked by the use of 
atropine, but this compound had no effect, on the 
decrease in stroke volume in cardiac output which 
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occurred rapidly and simultaneously with the sig- 
nificant drop in heart rate. 

The authors feel that the change in heart rate 
results from the nervous reflex mediated by the 
vagus and most probably arises from alterations in 
arterial pressure. This change in stroke volume is due 
to variations in diastolic relaxation of the ventricle 
or variation in the completeness of systolic emptying. 
WalIFE 


Warren, J. V., Elkin, D. C., and Nickerson, J. L.: 
The Blood Volume in Patients with Arteriovenous 
Fistulas. J. Clin. Investigation 30: 220 (Feb.), 
1951. 

Studies similar to the above were made before 
and after operative removal of a traumatic arterio- 
venous fistula in 41 patients. In 56 per cent of the 
cases blood volume changes of less then 200 ce. per 
square meter of body surface were noted. This was 
not considered significant. 

In 44 per cent of the patients the decrease in blood 
volume postoperatively ranged from 200 cc. to 1060 
cc. per square meter. It appears that the size of the 
fistula is a major factor in determining the increase 
in blood volume, although the actual size of a fistula 
is hard to determine. 

WaAIFE 


Brebner, H.: Dissecting Aneurysm of the Aorta 
with Renal Complications. Brit. Med. J. 4703: 
394 (Feb.), 1951. 

A case of chronic dissecting aneurysm of the 
aorta is described, with dissection of the renal artery 
and renal infarction. The presenting symptom was 
renal colic, and the main clinical finding was uremia. 

In the case here described there is no evidence to 
prove that unilateral infarction of the kidney was 
the cause of hypertension. It is certain, however, 
that renal infarction was present at a time when the 
hypertensive process (whatever its cause) was pro- 
gressing with great rapidity, and there is little doubt 
that the infarcted kidney exerted an important ad- 
verse influence on this process. 

BERNSTEIN 


Flasher, J., Drury, D. R., and Jacobson, G.: Ex- 
perimental Arterial Stenosis: Post Stenotic Dila- 
tation and Collateral Blood Flow. Angiology 2: 
60, (Feb.), 1951. 

A constricting tie or clip was applied to the left 
renal artery in 16 rabbits. The right kidney was 
either removed or not touched. Investigation of the 
renal circulation angiographically or by surgical ex- 
ploration revealed that dilatation of part or all of 
the poststenotic portion of the artery occurred in 
12 and failed to develop in 4 animals. A positive 
correlation was noted (1) between poststenotic di- 
latation and hypertension and (2) between post- 
stenotic dilatation and collateral blood flow. The 
possible mechanisms involved are discussed. 
WESSLER 


ABSTRACTS 






Thompson, J. E., and Vane, J. R.: Effect of Venous 
Occlusion on Peripheral Arterial Blood Flow. 
Lancet 260: 380 (Feb. 17), 1951. 

The acute effects of venous occlusion on the rat: 
of arterial inflow to the hind limbs of cats have bee; 
studied directly by perfusion and by serial radiog 
raphy. During venous occlusion the arterial infloy 
to the extremity decreases. After release of the oc 
clusion, there is commonly a transient increase i) 
arterial flow above the preocclusion level, but thi 
reactive hyperemia does not compensate for th 
decreased flow during occlusion. The rate of flow 
following release is equal to, or less than, the rat 
preceding occlusion—never higher. 

Serial radiography showed a delay in the filling 
of the vessels on the occluded side, and a consider 
able reduction in the number of visible small arteria! 
vessels under the inflated cuff. 

There is no direct experimental evidence in man 
or in animals to substantiate the view that venous 
occlusion increases the arterial blood flow to an ex 
tremity. 

BERNSTEIN 


Edwards, J. E., and Burchell, H. B.: Multilobar 
Pulmonary Venous Obstruction with Pulmonary 
Hypertension. Arch. Int. Med. 87: 372 (March), 
1951. 

The case reported herein is one of acquired pul- 
monary venous obstruction in which the pulmonary 
veins were constricted unequally by a_ posterior 
mediastinum mass considered to be of inflammatory 
origin. Venous stenosis was discovered in all except 
one pulmonary lobe. 

Cardiac catheterization demonstrated central pul- 
monary hypertension and a normal volume of pul- 
monary blood flow. The lobe without significant 
venous stenosis had essentially normal arterioles 
and small arteries; in the remaining lobes there were 
severe occlusive vascular changes similar to those 
seen in some cases of mitral stenosis. Severe pul- 
monary congestion was present in the lobe without 
venous obstruction, but congestion was not present 
in the other lobes. It is postulated that the occlusive 
arterial and arteriolar lesions in the lobes with severe 
venous obstruction protected the pulmonary capil- 
laries from excessive passive congestion and from 
elevations of pressure. 

Since most of the pulmonary blood flowed through 
the one essentially normal lobe, the existing central 
pulmonary hypertension is explained as follows: 
The capacity of the blood vessels in one normal pul- 
monary lobe is inadequate to carry the entire, al- 
though normal, volume of pulmonary blood flow 
without elevation of pressure. 

BERNSTEIN 


Barrow, D. W.: Present Management of Varicose 
Veins. New England J. Med. 244: 321 (March 1), 
1951. 








In the presence of varicose veins an increased 
venous pressure occurs throughcut the body when 
the patient assumes the horizontal position. This is 
due to the fact that the large quantity of blood filling 
the dilated veins of the legs in the upright position 
now is displaced into the general circulation. This 
type of response, continued over a reriod of years, 
may be responsible for cardiac damage. This is es- 
pecially true when the deep and the communicating 
as well as the superficial veins are incompetent. 

Associated with such changes there is also an in- 
creased filtration pressure in the capillaries of the 
lower extremity, and as a result there is a greater 
filtration of fluid into the tissue spaces. This reaction 
is responsible for the disability and serious complica- 
tions found in patients with varicose veins. 

For the determination of the sites of incompetent 
valves, the author uses the multiple tourniquet test 
which is a modification of the Trendelenburg test. 
With the leg elevated, one tourniquet is applied just 
below and another just above the knee, while the 
third is placed as high as possible on the thigh. The 
patient then stands. If abnormally rapid filling of 
superficial veins occurs, it can only take place 
through incompetent communicating veins in the 
leg. When superficial veins fill rapidly on release of 
the distal tourniquet, then the short saphenous vein 
is incompetent. A rapid filling of superficial veins 
on removal of the tourniquet above the knee in- 
dicates incompetence of a vein other than the long 
saphenous. A similar response on removal of the last 
tourniquet implies incompetence of the greater 
saphenous vein, which is an almost constant finding 
in patients with varicose veins of any significance. 

Stripping of veins has reduced the number of 
recurrences following surgical treatment of varicose 
veins. 
ABRAMSON 


De Muro, P., and Focosi, M.: Vascular Allergy: Ex- 
perimental Studies on Allergic Thrombosis of the 
Retinal Veins. J. Allergy 22: 114 (March), 1951. 
Rabbits were sensitized to sheep serum by five 

intravenous injections. Following this, the exciting 

dose was innoculated into the vitreum. Vasodilata- 
tion and congestion was present one and three hours 
after the innoculation. Six and 24 hours later the 
fundus picture was that of thrombosis of the retinal 

veins. The central vein and its branches showed a 

thrombus composed almost entirely of plateletes, 

with a certain admixture of fibrin and leukocytes. 

As late as 15 to 20 days after the exciting dose, the 

vessels were still thrombosed, and organization of 

the thrombus was well developed. Study in non- 
sensitized animals, which served as controls, showed 
no pathologie changes. 

WAIFE 


Uihlein, A.: Cerebral Angiography. Proc. Staff Meet. 
Mayo Clin. 26: 133 (April), 1951. 
Cerebral angiography is a safe and helpful diag- 
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nostic aid in the localization of intracranial lesions. 
One hundred cerebral angiograms were made on 77 
patients. The dye was injected into the common 
carotid artery. In 31 patients suspected of having a 
brain tumor, 16 lesions were identified by cerebral 
angiography (52 per cent). Seventeen of 36 patients 
suspected of having a subarachnoid hemorrhage 
demonstrated a vascular lesion by angiography (47 
per cent). In six cases the angiograms did not indi- 
cate a brain tumor, the presence of which was later 
verified. In two cases, the angiograms were inter- 
preted as indicating a brain tumor but the diagnosis 
could not be verified at operation. Unsatisfactory 
angiograms were obtained in 10 per cent of the cases 
owing to technical difficulties. Some of the complica- 
tions of angiography are presented. An inexpensive 
but very satisfactory rapid roentgen cassette changer 
is described. 
SIMON 
OTHER SUBJECTS 

Gelfand, M. L.: Chronic Cor Pulmonale in Long- 

Standing Bronchial Asthma. Am. J. Med. 10: 

27 (Jan.), 1951. 

The salient diagnostic features found in 4 asth- 
matic patients with chronic cor pulmonale are pre- 
sented. Chronie cor pulmonale may develop in 
patients with bronchial asthma of five years’ or 
more duration and is associated with emphysema. 
It should be diagnosed clinically on the basis of the 
following criteria: (1) the presence of long-standing 
bronchial asthma and emphysema without any other 
associated cardiac disease; (2) the development of 
an increase in the dyspnea and cyanosis already 
present; (3) the appearance of orthopnea with or 
without signs of right-sided failure; (4) the presence 
of increased pressure in the pulmonary circuit either 
implied or directly measured by intracardiac cathe- 
terization; (5) radiographic demonstration of cardiac 
enlargement of the right side of the heart and an 
electrocardiographiec pattern of right ventricular hy- 
pertrophy. Proper treatment and prolongation of 
life in chronic cor pulmonale demands early recogni- 
tion. 

Harris 


Strom, A., and Jensen, R. A.: Mortality from Circu- 
latory Diseases in Norway 1940-1945. Lancet 
260: 126 (Jan.), 1951. 

Before the late war, mortality from diseases of 
the circulatory system was rising each year in Nor- 
way. This rise ceased during the war, and from 1941 
to 1943-45 there was a well-marked fall in mortality 
from these diseases. Since the war there has been 
a rapid rise in mortality towards the pre-war level. 
The wartime decline in mortality was equally evident 
for both sexes and all ages; and it involved all the 
most important causes of death from circulatory 
diseases. This also applies to the postwar rise. 
The wartime decline coincided with severe dietary 
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restrictions. The supply of calories was reduced, and 
this reduction was principally of foods containing 
fat, including those rich in cholesterol. 

BrRNSTEIN 


More, R. H., and Duff, G. L.: The Renal Arterial 
Vasculature in Man. Am. J. Path. 27: 95 (Jan.), 
1951. 

The authors injected Neoprene into 36 normal 
human kidneys with the object of further verification 
of Bowman’s original concept of the renal circulation, 
namely, that the blood supply to the cortex first 
passed through the glomeruli and that the medulla 

yas supplied by small blood vessels that were efferent 

from those glomeruli nearest the medulla. Ludwig’s 
arterioles, that supposedly extend through the cortex 
directly to the medulla without intervening glo- 
merular passage, were not seen and in the authors’ 
opinion are nonexistent. Similarly, arteriovenous 
anastomoses could not be seen in the renal paren- 
chyma. More and Duff show, however, with their 
Neoprene injections and by measurement of the 
efferent glomerular vessels, that the juxtamedullary 
glomeruli can accommodate a large diversion of flow 
and “by-pass” it into the medulla. They thus pro- 
vide an anatomic basis for Trueta’s physiologic 
demonstration that blood may be shunted away from 
the outer cortex into the inner cortex and medulla. 

A very few direct vessels branch off the arcuate ar- 

teries at the corticomedullary junction and extend 

directly into the medulla. Their size and number in 
normal kidneys preclude any useful addition in the 
medullary by-pass. The authors mention, on the 
other hand, a marked increase in such vessels in 
contracted hypertensive kidneys. 

GOULEY 


Pennell, M. Y., and Lehman, J. L.: Statistical 
Studies of Heart Disease. VIII. Mortality from 
Heart Disease among Negroes as Compared with 
White Persons. Public Health Rep. 66: 57 (Jan.), 
1951. 

Between 1940 and 1947 the death rate from all 
forms of heart disease (adjusted for age) varied from 
7 to 15 per cent higher for Negroes than for whites. 

The mortality rate among Negroes was higher 
in the North than in the southern sections of eastern 
United States, higher in urban than in rural areas, 
and higher in males than in females. In syphilitic 
heart disease the male rate was over three times the 
female rate (about the same as among whites), but 
the death rate from coronary artery disease was 
only 42 per cent higher in males than females. 

WaAIFE 


Schneider, C. L.: “Fibrin Embolism”’ (Disseminated 
Intravascular Coagulation) with Defibrination as 
One of the End Results during Placenta Abruptio. 
Surg., Gynec. & Obst. 92: 27 (Jan.), 1951. 
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The author discusses the entity of fibrin embolism, 
which is a condition in which there is a selective de- 
position of elements of fibrin, mainly in the pul- 
monary arterial circulation, culminating in massive 
accumulations of this material intravascularly. In 
those few pregnant women with placenta abruptio in 
whom this disorder occurs and who survive or escape 
serious consequences of the fibrin deposition, the 
resultant fibrinopenia may cause hemorrhage at the 
time of parturition, since fibrin is necessary in the 
formation of the clot. 

According to the author, placenta abruptio pro- 
vides a mechanism for the entry of thromboplastin 
into the maternal circulation from the decidua, one 
of the richest sources of this substance. As a result, 
the process of clotting is initiated, with the ultimate 
production of fibrin. The extensive intravascular 
coagulation which follows may be the explanation 
for the early deaths which may occur in cases of 
placenta abruptio or of eclampsia. 

Therapy consists of the use of anticoagulants 
during the coagulative phase and rapid blood trans- 
fusion after this stage had gone to completion, since 
it is then necessary to restore the depleted coagula- 
tion system in order to prevent hemorrhage. 
ABRAMSON 


Leys, D.: Tuberous Xanthomatosis. Brit. Heart J. 

13: 32 (Jan.), 1951. 

The author reports a family in which xanthelasma 
appeared in two generations; in the third, tuberous 
xanthomatosis led to the death of the eldest child 
at the age of 12 from severe coronary artery disease; 
another child developed Stokes Adams syndrome at 
age 12. He also showed a prolonged Q-T interval in 
the electrocardiogram and arterial claudication 
which was proved by biopsy to be due to severe tu- 
berous xanthomatosis. Both these children and 
another boy showed hypercholesteremia. The mother 
and maternal grandmother had xanthelasma. The 
father died suddenly at age 42. It was suggested 
that he may have been heterozygous for the gene 
and the children homozygous. 

The author believes that a high blood cholesterol, 
unexplained sudden death in later childhood, sudden 
death suggestive of cardiac disease below the age 
of 40 and possibly unexplained prolongation of the 
Q-T intervals should arouse suspicion of this disease 
and lead to a study of siblings and of their offspring. 

SoLOFF 


Pastor, B. H., Sloane, N. G., and Goldburgh, H. L.: 
Disseminated Lupus Erythematosus in the Male. 
Report of Five Cases. New England J. Med. 244: 
81 (Jan.), 1951. 

Five cases of disseminated lupus erythematosus 
in male patients are reported. The clinical features 
were quite characteristic in all cases and the diag- 
nosis was confirmed by postmortem studies in 4 
cases and by biopsy examination in the fifth patient. 
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It is mentioned that in a period of 13 years there were 
36 cases of disseminated lupus erythematosus at the 
Philadelphia General Hospital and 10 of these were 
male patients, an incidence of nearly 28 per cent. 
This is said to be at variance with the general belief 
that this disease occurs primarily in young adult 
women. 
ROSENBAUM 


Sheehan, G. A., Priebe, F. K., Dranetz, A. D., and 
Howatt, G. N.: A New Pickup for Ballistocardi- 
ography. U.S. Air Force M. J. 2: 39 (Jan.), 1951. 
A new pickup for ballistocardiography using a 

piezoelectric element is described. The device meas- 

ures displacement, and by using the proper electric 
circuits, velocity or acceleration can be obtained. 

Since the electric output obtained from this new 

pickup element is 20 times that of the output ob- 

tained from a magnetic device, ample voltage is 
available to operate any cardiograph or recorder 
without additional amplification. The excess voltage 
makes it possible to use electric integrating or differ- 
entiating circuits to reveal hidden characteristics 
not easily recognizable in the original record. The 
records derived from this pickup are consistently 
reproducible, and obviate the need of frequent 
standardizations. 

ScHWARTZ 


Lindskog, G. E.: Collateral Respiration in the 
Normal and Diseased Lung. Yale J. Biol. & Med. 
23: 310 (Feb.), 1951. 

The author reviews the experimental and clinical 
observations since 1930 which indicate that the pul- 
monary lobule is not an end structure to which ac- 
cess of air is only by the direct bronchial route. In- 
direct and peripheral routes for air exchange exist 
by way of adjacent directly ventilated segments. 
This phenomenon is called collateral respiration, 
and comes into play when a bronchus beyond the 
second order is obstructed. Collateral respiration 
does not depend upon the integrity of the pulmonary 
circulation. It is thought to be mediated through 
anatomic defects in the alveolar walls, such as the 
pores of Kohn. 

The mechanism of collateral respiration is a con- 
servative one, comparable to the phenomenon of 
collateral circulation. Collateral respiration lessens 
the incidence of obstructive atelectasis, promotes 
more uniform oxygenation of the venous blood, and 
provides air for effective cough in areas of lobular 
obstruction. It is a delicate mechanism with low 
pressure differentials, and is therefore easily dis- 
turbed by hypoventilation, edema, inflammation 
and bronchospastic agents. 

ENSELBERG 


Hammarsten, J. F.: Syngope in Aortic Stenosis. 
Arch. Int. Med. 87: 274 (Feb.), 1951. 
Syncope occurred in 16 of 63 patients with aortic 


stenosis. Syncope was commonly precipitated by 
effort and appeared to be related to the occurrence 
of angina. Observations on one patient during syn- 
cope are reported. Syncope occurred before a cardiac 
arrhythmia was established, and ventricular activity 
continued throughout the attack. A review of similar 
observations on three patients recorded in the liter- 
ature suggests that the mechanism for syncope in 
aortic stenosis may be cerebral hypoxia due to re- 
duced cardiac output. The possibility that this re- 
duced output is related to myocardial ischemia rather 
than to cardiac arrhythmia is suggested 
BERNSTEIN 


Douglass, L. H., and Hoopes, L. L.: The Cardiac 
Patient in Pregnancy. Am. J. Obst. & Gynec. 61: 
373 (Feb.), 1951. 

This study is concerned with the results of a con- 
servative policy pursued in the management of 98 
pregnancies seen in 88 cardiac patients over a five 
year period from 1942 through 1946. Classification 
of the heart disease revealed 48 patients in Class I, 
25 in Class I, 12 in Class III and 13 in Class IV. 
Pregnancy was interrupted only once in this period 
for heart disease, an incidence of 4.7 per cent of all 
therapeutic abortions performed during this period. 
Abdominal section was necessary in seven of the 
deliveries, but heart disease was not an indication 
in any instance. Sterilization was generally carried 
out within two weeks following delivery if the 
patient remained compensated. This was performed 
at the time of abdominal section in four patients. 
In those with Class IV heart disease, sterilization 
was deferred until three to six months postpartum. 
The maternal mortality was four deaths among the 
88 patients or 4.42 per cent. The total fetal mortality 
was four with 93 viable babies born in the series. 
Among the difficulties in the management of preg- 
nant cardiac patients are (1) mistakes in diagnosis 
and evaluation of the cardiac status, (2) lack of 
satisfactory cooperation on the part of the patient, 
(3) failure to hospitalize early and to continue treat- 
ment adequately in the postpartum period, (4) 
failure to admit cardiac patients to the hospital 
routinely, two to three weeks before term, and (5) 
the use of inhalation rather than regional and local 
anesthesia. 

SHUMAN 


Moriyama, I. M., and Woolsey, T. D.: Statistical 
Studies of Heart Disease. IX. Race and Sex Differ- 
ences in the Terms of Mortality from the Major 
Cardiovascular-Renal Diseases. Pub. Health Rep. 
66: 355 (March 23), 1951. 

In a study of the trend of mortality from the 
major cardiovascular-renal diseases in the United 
States from 1920 to 1947 death rates specific for age, 
race, and sex were statistically analyzed. The most 
striking finding was the increase in cardiovascular- 
renal mortality among white males in the age group 
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of 35 to 64 years. This was in contrast to the reduc- 
tions in the same age groups occurring among white 
females and, to a lesser extent, among nonwhite 
males and females. Since the death rate for white 
males in this ‘working age” is not increasing for all 
other causes of death combined, this indicates an 
increasing risk of death from the major cardio- 
vascular-renal diseases during this age group for 
white males. 

The contrast between the trend for white males 
and females is most marked for diseases of the heart, 
somewhat less for chronic nephritis, and inconse- 
quential for vascular intracranial lesions. 

WaIFE 


Wilson, G. S. M.: Stab Wound of the Heart. Brit. 

Med. J. 4705: 511 (March 10), 1951. 

A case report of a successfully treated self-in- 
flicted stab wound of the right ventricle is presented. 
In this case the classic symptoms of tamponade were 
all present—namely, increased venous pressure giv- 
ing rise to visibly distended veins and cyanosis, a 
fall in arterial pressure, and heart sounds which were 
faint and difficult to hear. To control the bleeding 
during repair, plugging the hole with the finger 
proved of considerable value. An important point 
in suturing is to realize the friability of cardiac muscle. 
Failure to do so in this case nearly caused a disaster. 
The pericardium was left partially unsutured in order 
to allow drainage into the pleural cavity of any 
further bleeding and prevent the recurrence of 
tamponade. An electrocardiogram done five days 
after surgical repair revealed no abnormality and 
recovery was considered complete after a few weeks. 

BERNSTEIN 





Bennett, I. L. Jr., Berthrong, M., and Rich, A. R.: 
A Further Study of the Effect of Adrenocortico- 
tropic Hormone Upon the Experimental Cardio- 
vascular Lesions Produced by Anaphylactic Hy- 
persensitivity. Bull. Johns Hopkins Hosp. 88: 197 
(March), 1951. 

Under ether anesthesia 60 male albino rats were 
given an intracorneal injection of sterile horse serum 
in the right eye, and intracorneal injection of killed 
tubercle bacilli in the left eye. Two days after the 
intracorneal injections, 40 of these animals were 
given a single intravenous injection of 10 cc. of sterile 
horse serum per Kg. of body weight. Beginning on 
the same day, 20 of the intravenously injected 
animals received 2.5 mg. of ACTH in 1 cc. of normal 
saline every six hours for 14 days. The animals were 
killed 14 days after the intravenous injection of 
horse serum, and autopsies were performed. Two days 
prior to death, all of the animals were tested for 
hypersensitivity to horse serum by the intradermal 
injection of 0.1 cc. of undiluted horse serum. ACTH 
did not suppress the cutaneous test. However, the 
average size of the reaction was slightly smaller 
in the treated animals. Tests for the presence of anti- 
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body and residual antigen on blood drawn by cardiac 
puncture just prior to death were also done. All of 
the titers were lower in the ACTH treated group. 

Eighty-four per cent of the animals which were 
intravenously sensitized. but not treated with 
ACTH, developed cardiovascular lesions of hyper- 
sensitivity (periarteritis nodosa, endocarditis). Only 
26 per cent of the animals treated with ACTH de- 
veloped similar lesions. No lesions were found in 
the group only sensitized by the intracorneal in- 
jection. Acute glomerulonephritis was found in nine 
intravenously sensitized animals and in only four 
of those treated with ACTH. There was marked 
loss of cortical lipoid in the adrenals of all but two 
of the ACTH-treated animals 

There was no correlation between the develop- 
ment of cardiovascular lesions and the titers of 
circulating antibody or antigen. 

The authors state that in the experimental animal, 
as in the human being, factors that are not yet 
understood play an important role in determining 
whether the presence of antibody and antigen will 
incite the development of visceral lesions. 

The authors conclude that this study plus their 
previous observations provides good evidence that 
both ACTH and cortisone exert an inhibitory effect 
upon the development of cardiovascular lesions of 
hypersensitivity. 

MaRGOLIES 


Dawber, T. R., Meadors, G. F., and Moore, F. E., 
Jr.: Epidemiological Approaches to Heart Dis- 
ease : The Framingham Study. Am. J. Pub. Health 
41: 279 (March) 1951. 

In the field of cardiovascular diseases, studies us- 
ing the epidemiologic method have led to findings 
of importance for prevention and treatment. The 
authors describe the setting up of an epidemiologic 
study in Framingham, Mass., focused on arterio- 
sclerotic and hypertensive cardiovascular disease. 
A group of randomly selected persons were selected 
for study. Out of this initial group, “normal” persons 
who were free of definite signs of arteriosclerosis and 
hypertension were selected, based on as complete 
a clinical examination as feasible. These persons will 
be observed over a period of years until a sizable 
number will be found to have acquired the diseases. 
At that time a search will be made for the factors 
which have influenced the development of disease 
in one group and not in the other. 

SCHWARTZ 


OTHER SUBJECTS 
Lovell, R. R. H.: Observations on the Structure 
of Clubbed Fingers. Clin. Sc. 9: 299 (Aug.), 1950. 
There were no significant differences in blood 
volume in the distal segments of 14 normal fingers 
or 10 clubbed fingers associated with broncho- 
pulmonary disease. The blood volumes of the distal 
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segments of eight clubbed fingers associated with 
cyanotic congenital heart disease were increased 
relative to the normal. 

Anatomie studies utilizing two methods of intra- 
vascular injection, fixation, and staining were car- 
ried out in 6 normal and 8 clubbed fingers. These 
studies showed that the shape of the clubbed finger 
was dependent upon an increase in connective tissue 
in the region of the nail bed. In clubbing due to 
cyanotic congenital heart disease there was, in addi- 
tion, an increase in the caliber of vessels forming the 
venous plexuses in the nail bed. The author believes 
that the connective tissue increase is due to increased 
blood flow in excess of local physiologic needs and 
attributes its location in the distal finger segment to 
the predominance there of arteriovenous anasto- 
moses. WESSLER 


Whipple, R. L., Jr., and Davidson, J. K., III: Acute 
Disseminated Lupus Erythematosus. J. Lab. & 
Clin. Med. 36: 206 (Aug.), 1950. 

The authors report the results of clinical, meta- 
bolic and necropsy studies in a postmenopausal 
female with disseminated lupus erythematosus 
treated with ACTH. The clinical response of this 
patient was most dramatic, with a fall in tempera- 
ture to normal, a sense of well being, the subsidence 
of muscular and joint pains, a return of the appetite 
with a demand for food, and the reversal of a stead- 
ily downhill course. This improvement was main- 
tained throughout the period of ACTH therapy, 
but within 24 hours after cessation of ACTH, there 
was beginning evidence of clinical relapse as seen by 
an elevation of temperature to pretreatment levels 
Relapse was not complete until about one month 
after the cessation of ACTH. 

The most striking effects noted in the laboratory 
were the hematologic changes. The reticulocyte 
count rose from 2.7 per cent during the control 
period to 16.8 per cent on the ninth day of treat- 
ment, and remained at 6 per cent or above 11 days 
after the cessation of ACTH. There was a rise in 
hemoglobin concentration of about 2 Gm. per cent 
and this was well maintained. The total white blood 
count, which rose to 16,000 per cu. mm. before 
ACTH, remained at this level during the therapy, 
but with the cessation of treatment returned to 
and remained about 7,000 per cu. mm. The total 
eosinophil count was lower during the pretreatment 
period than during the post-treatment period. 


Repeated muscle and skin biopsies after ACTH 
administration confirmed the diagnosis of dissemi- 
nated lupus erythematosus. In spite of clinical im- 
provement, the muscle biopsies showed no change 
in the morphologic picture before or after treatment 
with ACTH. The administration of ACTH cer- 
tainly prolonged the life of this postmenopausal 
patient, but in no way altered the pathologic and 
ultimate course of this disease. 

The changes found in the adrenal glands at au- 
topsy cannot be directly related to ACTH therapy, 
since there was a period of more than three months 
intervening between the cessation of treatment and 
death. Mintz 


Braunstein, J. R., Oelker, C. E., and Gowdy, R. C.: 
Design of a Two-Dimension Ballistocardiograph. 
J. Clin. Investigation 29: 1219 (Sept.), 1950. 
The authors discuss the theory, design construc- 

tion, and characteristics of a ballistocardiograph 

table mounted on rods, so that motion could be 
studied from side to side as well as from head to foot. 
WAIFE 


di Sant’Agnese, P. A., Anderson, D. H., Mason, H. 
H., and Bauman, W. A.: Glycogen Storage Dis- 
ease of the Heart. Part I. Pediatrics 6: 402 
(Sept.), 1950. 

The authors report 2 cases of glycogen storage 


disease of the heart occurring in siblings. Although 
cardiac enlargement was the most striking clinical 
and pathologic finding, glycogen accumulation was 
not limited to the heart, but was found in many 
other organs and tissues of the body. In one of these 
patients, detailed chemical determinations were per- 
formed both before and after death. It was found 
that the tissues could break down glycogen for their 
own use and that the liver could deliver it to blood 
as glucose. It was hypothesized, therefore, that the 
metabolic error was due to an excessive rate of 
accumulation of glycogen in the tissues. Two pos- 
sible explanations are offered: that the polvsac- 
charide may be slightly different but closely allied 
to glycogen in its chemical structure, or that these 
patients are unable to convert the excess carbohy- 
drate absorbed to fat. There is little evidence to 
support either theory; the latter, however, is par- 
tially substantiated by the fact that these patients 
are usually thin and poorly nourished. 
MARGOLIES 
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Malformaciones Congenitas del Corazon. Helen B. 
Taussig. Buenos Aires, Editorial Artecnica, 1950. 
562 pages. 

The Spanish edition of Taussig’s classic on con- 
genital malformations of the heart is a fine addition 
to the growing literature on this important subject. 
The excellent Spanish translation was done by Drs. 
F. F. Batlle and H. Warneford-Thomson of Buenos 
Aires. The book is a replica of the original English 
edition, except for the list of illustrations which is 
missing. Another minor technical fault noted is the 
lack of correlation between the color plates and the 
subject matter under discussion in the various chap- 
ters of the book. The translators have rendered a 
service to the practice of cardiology. 

HeRMAN GOLD 


Heart: A Physiologic and Clinical Study of Cardio- 
vascular Disease. Aldo A. Luisada. Baltimore, 
Williams and Wilkins, 1948. 653 pages, 352 figures, 
$10.00. 

The author states in the preface that this text is 
written for physicians who desire to increase their 
knowledge of heart disease, and indeed it should 
appeal to all people from the student to the spe- 
cialist who are interested in cardiology. Illustrations 
are profuse and excellent and have been carefully 
selected; sketches and drawings have been used in 
places where the subject material can be better 
illustrated in this manner than by the original 
illustration. 

Sections on embryology, anatomy and physiology 
introduce the book and give good orientation in the 
field. This is followed by a section on Technical 
Studies which includes phonocardiography, pulse 
tracings from all sections of the body, ballistocardi- 
ography, electrocardiography, fluoroscopy and roent- 
genology, fluorocardiography, cardiac output deter- 
minations, etc. At the end of the book are sections 
on diets, cardiac medications and the treatment of 
cardiac emergencies. 

The book is permeated with the studies and view- 
points of the author, which the reviewer feels is an 
admirable thing, particularly since the author is not 
too dogmatic in his interpretations. For instance, 
the accent placed on phonocardiography is apparent 
from the tremendous number of illustrations. 

It is very easy for a reviewer to be critical and 
there are few books that do not have errors, inade- 
quacies or controversial points. This book is no 
exception. Electrocardiographers would wish for a 
more basic treatment of the theory of electrocardi- 
ography and would deplore the absence of consid- 
eration of extremity potentials and the use of CF 











leads. Many readers might feel that the phonocar- 
diograms, jugular pulses and apex cardiograms are 
too complex for easy learning. These points, how- 
ever, do not in any way detract from the usefulness of 
the book, and the reviewer has found many stimu- 
lating ideas. Finally, it should be mentioned that 
there is an excellent bibliography at the end of each 
chapter for those who wish to go to the original 
sources. 

J. Scorr BurrERWORTH 


Lehrbuch der inneren Medizin. H. Dennig, ed. 
Stuttgart, Georg Thieme Verlag, 1950. 2 vol- 
umes, 2000 pages, 487 illustrations. 

This new two volume text on internal medicine 
in German covers the subject in 2000 pages and 500 
charts and illustrations. Type setting, paper, and 
reproductions are of a truly superior quality and 
the external appearance of the volumes is pleasant. 

The book has been written by ten German in- 
ternists under the editorship of Helmut Dennig. It 
reads easily and is of more than passing interest 
because it undoubtedly represents a cross section of 
current German medical teaching and should there- 
fore be recommended as a standard reference work. 

The volumes follow the plan of cataloguing de- 
scriptively diseases of organ systems or other more 
or less convenient groupings beginning with chapters 
on infections and ending with diseases of the central 
nervous system. The subjects are usually intro- 
duced by brief accounts of the abnormal physiologic 
and pathologic adjustments that are present. This 
is frequently followed by a detailed description of 
what are considered essential laboratory tests. The 
last volume concludes with general remarks on 
diagnosis and treatment of internal diseases and 
the management of clinical symptoms. 

The section on cardiovascular diseases has been 
written by F. Schellong, whose contributions to 
electrophysiology of the heart and to spatial vector- 
eardiography have been significant. Following a 
brief and lucid introduction to physical diagnosis 
of the heart, cardiac radiology and electrocardiog- 
raphy, the author launches into a discussion of the 
general principles of heart failure. To him, conges- 
tive failure is a simple mechanism: low tissue oxygen 
and high carbon dioxide values occur in heart dis- 
ease because of insufficient supply of nutrients by 
the failing heart. This results in vasoconstriction of 
the arterial side of the circulation with shifting of 
the major portion of the circulating fluid volume to 
the venous side; hence venous congestion, dyspnea, 
edema. There is no mention of the complex mech- 
anisms of water and electrolyte imbalance during 
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congestive failure, of hypervolemia, of alteration in 
renal function, or of the possible role of the pituitary- 
adrenal system. 

Dietotherapy is almost completely neglected 
(“fluids and salt should be restricted and the in- 
testinal tract not overburdened’) and the use of 
mercurial diuretics is reserved for desperate occa- 
sions. Digitalis and particularly strophanthin remain 
the mainstay of therapy. 

On the other hand, the description of the syn- 
drome of “chronic myocarditis” makes interesting 
reading by reintroducing the forgotten definitions 
of “myodegeneratio cordis’”’ which has been revived 
in this country as “chronic coronary insufficiency” 
(Masters) or the ‘“‘presbyocardia” of Harrison. Ac- 
cording to Schellong’s definition not all subjects 
with “chronic myocarditis” are arteriosclerotic in- 
dividuals though most of them will fall into this 
group. The clinical description of this syndrome is 
well presented here although we would hardly sub- 
scribe to the viewpoint that chronic focal infections, 
or various past illnesses, including diphtheria (which 
is singled out), play a significant etiologic role. 

The section on peripheral vascular diseases is re- 
markable because of a small paragraph dealing with 
periarteritis nodosa: the only reference to any of 
the collagen diseases in the entire two volumes! 

It is obvious that many differences exist in con- 
cepts of diseases in one country when compared with 
another and the reader of the German text will be 
reminded that in some clinical aspects we are also 
singularly one-sided and slow to follow progress 
made elsewhere. However, the impression is gained 
that the German text and particularly the aspect of 
German cardiology as it is presented here frequently 
fail to do full justice to the diagnostic and thera- 
peutic advances of the last decade. 

Hans H. Hecur 


Pulmonary Ventilation and Its Physiological Regu- 
lation. John S. Gray. American Lecture Series 
No. 63 (American Lectures in Physiology, Robert 
F. Pitts, ed.). Springfield, Ill., Charles C Thomas, 
1950. 82 pages, 14 illustrations, $2. 

Many years ago it became apparent that no one 
theory of respiratory control was adequate to ex- 
plain all the deviations from normal breathing that 
occur in health and disease. This concept of a mul- 
tiple factor control of respiration has now been ex- 
pressed in precise form in this monograph. In this 
lecture, Gray has first discussed very clearly the 
various factors that regulate respiration, such as 
increase or decrease in blood acidity, oxygen pres- 
sure, carbon dioxide pressure, proprioceptive and 
other types of reflex activity. Following this, he has 
attempted to quantitate the relationship that exists 
among these. This book is an excellent summary of 
Gray’s mathematical formulation of respiratory con- 
trol and should be read by all physiologists. Much 
of the book will also be interesting reading for 


clinicians, although some may consider that certain 
aspects are unduly complex. There are a few inac- 
curacies in the book, such as the statement that the 
maximal ventilation per minute produced by anoxia 
is 12 liters and the unyielding statement that the 
medullary centers are depressed by oxygen lack. 
Jutius H. Comrog, Jr. 


Hemodynamics in Failure of the Circulation. W. B. 
Youmans and A. R. Huckins. American Lecture 
Series in Physiology. Springfield, Ill., Charles C 
Thomas, 1951. 71 pages, 10 figures, $2.50. 

The authors have presented in this small volume 
a survey of the hemodynamic problems of circula- 
tory failure. It is designed for those having their 
first introduction to the field or for those desirous 
of reviewing the recent developments in light of 
basic physiologic principles. In the short span of 
55 small pages they have reviewed certain funda- 
mental concepts regarding the circulation and re- 
lated many of them to the development of circula- 
tory failure. The approach is in a sense traditional, 
based on accepted physiologic principles but does 
give in brief fashion the newer more heretic ideas 
regarding congestive failure. The most striking de- 
viation from previously published material is dif- 
ferentiation of a syndrome of chronic venous con- 
gestion without heart failure. This is set aside from 
ordinary congestive heart failure because the cardiac 
output is elevated when considered in relation to the 
oxygen consumption. Illustrations of this syndrome 
are drawn from patients with systemic arteriovenous 
fistulas and beriberi. 

Many facts and theories are reviewed in a clear 
and concise style but it is the opinion of the reviewer 
that one does not come away with a unified struc- 
ture tying together in an explanatory way the 
clinical developments observed in patients with con- 
gestive failure. This is primarily due to the nature 
of the problem but appears in part to be due to the 
attempted coverage of such a broad field in such 
limited space. Nevertheless, it may serve well as an 
introduction to the beginner in this field. There is, 
in addition, a useful bibliography of two hundred 
references. 

JAMES V. WARREN 


Differential Diagnosis of Internal Diseases. Clinical 
Analysis and Synthesis of Symptoms and Signs. 
Julius Bauer. New York, Grune & Stratton, 
1950. 884 pages, 56 illustrations, $12. 

The objectives of this book, as outlined by the 
author in his preface, have been attained in a com- 
prehensive and scholarly manner. It is clearly the 
work of a master clinician who has matured and 
who knows, as does every seasoned clinician, that 
the successful rehabilitation of ailing patients often 
requires more of the art than the science of medicine. 
In the author’s words, “recognition of the malad- 
justment of a patient to his environment and his 
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failure to deal successfully with a given situation is 
the basis of successful treatment.”’ As 32.3 per cent 
of the author’s last 2000 patients had what he calls 
“pure neurosis or psychoneurosis,” he naturally 
places much emphasis on the psychoneurotic aspect 
of disease and makes liberal use of the case histories 
of psychosomatic diseases to illustrate the text, a 
unique departure in a book on differential diagnosis. 

The book is divided into two parts approximately 
ejual in size, the first dealing primarily with leading 
symptoms and the second with leading signs. In 
part one, consisting of 396 pages, there are 12 chap- 
ters whose titles follow in turn: headache; chest 
pain; abdominal pain; backache; pain in the ex- 
tremities; disorders of general feelings; disorders of 
consciousness; vertigo, nausea, and vomiting; paraly- 
sis, in-coordination, and involuntary movements; 
cough and dyspnea; diarrhea and constipation; hem- 
orrhages. 

Part two of the book, occupying 417 pages, is 
divided into eight chapters presenting in order the 
following subjects: the general appearance (habitus) ; 
hyperthermia, fever and infectious diseases; respira- 
tory system; cardiovascular system; digestive sys- 
tem; hemopoietic system; uropoietic system; and 
glycosuria. 

At the end of each chapter in both sections of the 
book are a summary and many references to both 
American and European literature. That Dr. Bauer 
is familiar with both American and European med- 
ical literature is evident throughout the book; nearly 
1500 references document the text. Both author and 
subject indexes are provided. 

Because of the author’s broad interest and wide 
clinical experience, it is not surprising that he di- 
gresses into such fields as clinical pathology, thera- 
peusis, pathologic physiology, but this adds rather 
than detracts to the over-all value of the book. 

A critical word may be directed to the author’s 
categorical consideration of questions that are not 
at present settled. Noteworthy are certain dogmatic 
statements regarding the pathogenesis and relation- 
ship of so-called essential hypertension and arteriolo- 
sclerosis. On page 592 he states, “‘arteriolosclerosis 
may be considered as a result of the physiologic 
aging process of the smallest arteries” and “this 
process is probably never the result of adaptation 
of the arterioles to pre-existing high blood pressure 
for various reasons.” Regarding the pathogenesis of 
essential hypertension he states on page 592, “two 
facts are established today: (1) Essential hyperten- 
sion is primarily a functional disease, that is, a dis- 
ease without an anatomic basis. (2) Essential hyper- 
tension is a constitutional, that is, a hereditary 
disease, and therefore, due to an abnormal gene or 
gene complex.”’ To document these statements he 
cites five references, all his own. The author is 
entitled to his opinion regarding the pathogenesis 
of essential hypertension, but such a debatable 
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issue as this subject is can scarcely be considered as 
an established fact. 

Apparently the author accepts as an establishec| 
fact that chronic systemic hypertension is the caus« 
of arteriolosclerosis. On page 590 he states “as in, 
any other type of permanent hypertension of some 
duration arteriolosclerotic changes develop and pro- 
duce the clinical picture of nephrosclerosis” and 
again on page 792, “It is an established fact that 
permanent arterial hypertension of any type is the 
common cause of renal arteriolosclerosis.” Would 
that the pathogenesis of human arterio- and arteri- 
olosclerosis and their relationship to essential hyper- 
tension and renal arteriolar sclerosis were as clearly 
established as Dr. Bauer’s statements regarding 
them would indicate. 

The book is well written, well printed and is a 
veritable storehouse of information in the field of 
differential diagnosis of internal diseases. As such, it 
will make a valuable addition to the internist’s 
library. 

Roy W. Scorr 


Basic Principles of Clinical Electrocardiography. 
Hans H. Hecht. American Lecture Series in Cir- 
culation, No. 87. Springfield, Ill., Charles C 
Thomas, 1950. 88 pages, 32 figures, 4 tables, $2.00. 
The author’s purposes are to separate, as far as 

is practicable, “experimentally established facts from 

unproven but presumably correct theoretical as- 
sumptions.” He feels that the electrocardiographic 
system of unipolar leads has suffered because of 
failure to distinguish between the two. However, he 
finds it necessary to employ theoretic considerations 
with respect to the interpretation of the T wave. 

As a matter of fact, nearly all of the data which are 

presented are interpreted in the light of the electro- 

‘ardiographic theories which have been largely de- 

veloped by Frank N. Wilson. 

Unipolar precordial leads, the central terminal of 
Wilson, together with descriptions of the normal 
form of the ventricular complex in these leads and 
their clinical applications, are succinctly discussed. 
The unipolar extremity leads and their relationships 
to the precordial electrocardiogram and their use in 
determining the electrocardiographic position of the 
heart are explained. The use of these leads in analyz- 
ing the QRS complexes of the standard extremity 
leads is well described. In the chapter dealing with 
bipolar (standard) limb leads, the polarity of the 
galvanometer with respect to the extremities in- 
volved is stressed. The Einthoven triangle hypothe- 
sis and vector analysis, including the ventricular 
gradient and the vectorcardiogram, are explained. 

The author apparently assumes that it is necessary 
to present experimental evidence for every consider- 
ation of the ventricular complex before it can be 
considered as valid in clinical electrocardiography. 
He seems to feel that there is sufficient experimental 








BOOK REVIEWS 957 


proof with respect to the QRS groups. He would 
] ke to separate theoretic from hypothetic data and 
thus avoid a discussion of the membrane theory. 
such an approach is impossible, as exemplified by 
‘he reference to “polarization across cell mem- 
iranes’”’ and ‘homogeneous system, of passive con- 
juctors”’ on page 7. The central terminal is referred 
o on page 11. Modern electrocardiographic theory 
3 based upon factual observations to which sound 
lectric theory has been applied. The result is a 
‘losely integrated system, so to speak, any part of 
vhich, if omitted, makes it incomplete. Of course, 
such theoretic considerations are only valid insofar 
is they are in accord with the established facts, and 
it the present writing they constitute a solid foun- 
dation as to the nature of the electrocardiogram. 
One of the most potent arguments in its favor is 
borrowed from logic, and that is that this complex 
theory is thoroughly consistent. A thorough explana- 
tion would undoubtedly be more convincing. It is 
the author’s “hope that a solid foundation concern- 
ing the nature of the electrocardiogram will soon be 
forthcoming.” It is this reviewer’s opinion that it is 
already here. It is not only possible but it is to be 
expected that there will be many modifications when 
the theory is tested experimentally in the future. 
Many attempts have been made to discredit the 
major tenets of the hypotheses involved, but none 
has been successful. They have, in the main, served 
as positive proof of its correctness. 

The ventricular gradient is employed to explain 
the polarity of the T wave. Actually, considerations 
involving the direction of the T deflection and its 
relation to the QRS complex resulted in the concept 
of the gradient. It is merely a matter of opinion, 
but this reviewer feels that the original approach 
could have been used with advantage. Furthermore, 
the very basis of the gradient depends upon the 
membrane theory and that the body is essentially 
a homogeneous volume conductor. 

A very useful glossary is included at the end. 

This book lacks the completeness which is neces- 
sary for both the electrocardiographer who is versed 
in the work of Wilson, and the novice. The one who 
is seeking additional knowledge will be disappointed. 
The other who is beginning to learn will probably be 
confused. The drawings illustrating depolarization 
and recovery might well be difficult for the latter 
group to comprehend. 

This book is excellent as far as the information it 
contains. One only wishes that such a capable man 
as Dr. Hecht had written a larger and all-inclusive 
manuscript on the subject and not have been pri- 
marily concerned about that group which, through 
unwillingness to take the time to learn or who 
through failure to comprehend, have not accepted 
the fundamental concepts of modern electrocardi- 
ography. 

JosepH M. BARKER 


La dissociation auriculo-ventriculaire dans |’infarc- 
tus du myocarde. Roger Vialard. Paris, Librairie 
Arnette, 1950. 200 pages, 19 illustrations, 4 tables. 
This excellent monograph on auriculoventricular 

block due to infarction of the interventricular septum 

is based on a review of the literature including a series 
of 100 published case reports. 

The subject is covered in its broadest aspects. 
The author discusses first the anatomy of the inter- 
ventricular septum, the bundle of His and its blood 
supply, and experimental studies relating to coronary 
anastomoses in the septum and their relationship 
to infarction and the production of A-V block. The 
remainder and principal part of the discussion deals 
with clinical features: diagnosis with special reference 
to electrocardiography, the course of the disease, 
prognosis, physiopathology and treatment. The 
author is especially impressed by and emphasizes 
the significance of the shock which accompanies 
many of these cases. 

This is a relatively brief and well written book 
which is almost certain to give the average reader 
information regarding septal infarction with which 
he was not previously familiar and which is of prac- 
tical value. 

Louis B. LapLace 


Principles of Internal Medicine. 7. R. Harrison, 
editor in chief, Paul B. Beeson, William H. Resnik, 
George W. Thorn and M. M. Wintrobe, eds. 
Philadelphia, Blakiston, 1950. $12.00. “The Car- 
diovascular System.” pp. 1233 to 1348. 
According to the editors, this book is directed 

primarily at the student and physician who desire 

a presentation of the important. scientific principles 

that are necessary for a rational understanding of 

the development, evolution and management of in- 
ternal diseases. Doubtless most authors of textbooks 
have objectives similar in principle although they 
do not always state them so well. The stubborn 
problem of arrangement of subject matter has ap- 
parently received much thought. By including cer- 
tain material under “considerations of basic prin- 
ciples”, repetition in various places is avoided by 
appropriate reference. In Part VII—Diseases of 

Organ Systems, Section 2—The Cardiovascular 

System, which is the subject of this review, the ar- 

rangement adopted by Harrison and Resnik in the 

discussion of heart diseases is the diagnostic, etio- 
logic, prognostic and therapeutic aspects in “re- 
spective sequence.” 

Harrison and Resnik have succeeded admirably 
in discussing heart diseases in an interesting, one 
might even say delightful, manner. Precision of ex- 
pression, conviction and enthusiasm impress the 
reader and hold his interest. The selection of ma- 
terial is well adapted for the needs of the student 
and the arrangement is logical although not in- 
frequently one must turn back to earlier sections 
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in order to obtain complete coverage of sub- 
jects. 

The authority of statement which helps to make 
the text so readable occasionally extends to matters 
regarded by some as not completely settled. A sample 
is found in the following quotation (page 1240) from 
the discussion of gallop rhythm: “The entrance of 
additional blood on opening of the atrioventricular 
valves is sufficient to bring about enough rise in 
pressure to cause tensing of the cusps, which pro- 
duces the additional sound.” From this statement 
beginners would have no means of knowing that the 
mechanism of production of gallop sounds requires 
further elucidation. 

This reviewer found commendably little outright 
error in the text, although in one sentence on summa- 
tion gallop, there are three statements not completely 
correct and one that is erroneous. Thus in summation 
gallop, the heart is not necessarily dilated, nor is it 
necessarily rapid. Summation gallop is frequently 
not a superimposition of sounds and probably never 
is merely that. Atrial contraction does not take place 
“very soon after the early rapid filling phase of 
diastole” but falls early enough to reinforce the early 
filling phase. 

The chapter by Paul B. Beeson on Bacterial 
Endocarditis is excellently adapted for teaching 
purposes. Save for certain questions regarding dos- 
ages of antibiotics and duration of treatment, con- 
cerning which differences of opinion are to be 
expected at this time, it can be recommended with- 
out reservation. 

CHARLES C. WOLFERTH 


The Burden of Diseases in the United States. Alfred 
E. Cohn and Claire Lingg. New York, Oxford 
University Press, 1950. 129 pages, 39 figures, 11 
tables, $10.00. 

The authors of this volume are well known to 
workers in the cardiovascular field for their collabora- 
tion on statistical studies of heart disease which have 
extended over a quarter of a century. The present 
volume is not limited in its coverage to cardio- 
vascular diseases alone, but is an attempt to present 
the statistical facts about the whole range of disease. 
While the discussion is limited for the most part to 
experience in the United States, some comparative 
data are presented for other countries. 

The theme of the volume is the decline in the 
rate of death from infectious disease and the increase 
in number of deaths from the circulatory diseases. 
The authors point out that this increase in numbers 
of deaths is a necessary consequence of the aging of 
the population and is not attributable to any great 
increase in age-specific death rates. 

The major portion of the volume is devoted to the 
discussion of trends in mortality from 1900 to the 
1940’s based on the official vital statistics. Special 
attention is given to an analysis of leading causes 
of death in the various age groups (based on 1940 


data), and the time trends in various diseases (based 
on United States data from 1900 to 1945) with some 
comparative data for foreign countries. Approx 
imately one-fourth of the volume is devoted to the 
discussion of morbidity data from five major surveys: 
Metropolitan Life Insurance Company Survey; 
(1915-17), Hagerstown Survey (1921-24), Commit 
tee on the Costs of Medical Care Survey (1928-31) 
National Health Survey (1935-36), and the Balti 
more Eastern Health District Survey (1938-39) 
The authors discuss the deficiencies of these surveys 
and stress the need for more comprehensive datz 
on morbidity. 

The specialist in mortality and morbidity statistics 
will perhaps find more of value in this study than 
will the general reader at whom it appears to be 
directed. An interesting philosophy of statistical 
inquiry is presented, and there are useful discussions 
of the validity of medical data. The most important 
contributions made by the authors may well be 
their suggestions, scattered through the volume, of 
needed areas of statistical research, and their in- 
sistence that medical and statistical research must 
progress in unison. 

C. J. Van SLYKE 


Calo’, A.: Les Bruits du Coeur et des Vaisseaux. 
Paris, Masson, 1950. 555 pages, 225 figures. 
This book is a complete study of the cardiac (and 

vascular) sounds in normal and pathologie condi- 
tions. It represents the result of many years of 
clinical work plus a compilation of the existing 
literature on the subject. Over 1200 papers are re- 
peatedly quoted. This places an unnecessary burden 
on the casual or systematic reader. On the other 
hand, this bibliographic wealth may be useful for 
consultation. 

Present day technic is but briefly quoted. Stetho- 
scopic and logarithmic methods are not employed 
and the knowledge resulting from their use is not 
fully appreciated. The tracings were obtained with 
Duchosal’s method and a low film speed. This causes 
crowding of the vibrations and difficult appreciation 
of certain waves. Reproduction of the tracings is 
poor. The chapter dealing with congenital malforma- 
tions is short and incomplete. The index of subjects 
is difficult to consult. 

On the whole, this book can be recommended only 
to workers of phonocardiography. 

A. A. Lutsapa 


Il muscolo tensore proprio dell’endocardio. F. 
Allodi. Florence, E. Ariani, 1950. 112 pages, 19 
figures. 

This study is but a part of a more extensive work 
on the Purkinje system and its relationships with 
the other elements of the heart. A detailed histologic 
study was performed on different mammals. An 
“endocardial traction system” is described and called 
the “tensor muscle.” This is attached to the myo- 
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cardium, continues into the hypocardium, and 
then into the endocardium by means of a connec- 
ting band. Other less well defined muscular forma- 
tions having a similar function are also described. 
‘The function of this stretching system is discussed. 
he author believes that it may allow the endo- 
cardium to follow the myocardium during systole. 
Any functional or structural change of the myo- 
cardium may be followed by alterations of the 
endocardium on account of changes in the structure 
cr function of the “tensor muscles.” 


A. A. Lursapa 


Derivacoes Unipolares do Precordio em Criancas 
Normais. Thesis. Marcondes Romeiro Neto. Sao 
Paulo, Dept. of Publications of the Technology 
School of the University, 1949. 101 pages, 21 
figures. 

This monograph deals with the study of the uni- 
polar chest leads in children and reports personal 
data. The V leads 1 to 6 were studied in 360 normal 
children from birth to the age of 15 years. 

The P wave was rounded in the leads from the 
left side of the chest and peaked in V, to V3. Its 
duration increased with age but was never found 
greater than 0.10 second. Its height was always 
below 3 mm. 

The P-R interval was found to be of the same 
length in all V leads; it increased with age, being 
0.08 second at birth and 0.19 second between 10 
and 16 years. 


In Vi, the most common type of ventricular com- 
plex was one in which R was greater than §; on 
moving the exploring electrode toward the left, R 
became gradually higher and a Q wave became ap- 
parent. In no lead was an rSr’ pattern observed. 
The maximal amplitude of the Q wave was 7 mm. 
in V5, representing about 26 per cent of R. The total 
duration of the QRS complex was found to increase 
proportionally with the age, reaching a maximum 
of 0.10 second. 

Slight displacements of S-T segment were found 
often, especially in leads Vo, V3 and V4. The maxi- 
mum downward displacement was 1.5 mm.; the 
maximum upward displacement, 3 mm. 

Before the age of 8, the T wave was found to be 
peaked in the right chest leads. After 8, a peaked 
T was found also in Vs and V¢. Inverted T waves 
in V; were frequent before the age of 4, constant 
between the ages of 4 and 6, then less frequent; 
so that it was present in only about 50 per cent 
of the children between 13 and 16. A negative T 
wave in V2 and V3 was most frequent between 
2 and 12 months of age; rather common until 8 
years; then less frequent, never being found in 
children between 13 and 16 years of age. A negative 
T in V4 was frequent in newborn babies; rare at the 
age of 7; and exceptional in older children. A nega- 
tive T in V; or V6 was frequent in the newborn; rare 
in older children; never present above the age of 7. 

These data should be of help in the evaluation of 
the infantile electrocardiogram. 

A. A. LuIsapa 
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AMERICAN HEART ASSOCIATION, INC. 


1775 Broapway, New YorkK 19, N. Y. 


Telephone Plaza 7—2045 


COMMITTEE ON CARDIOVASCULAR 
CLINICS 

A special meeting of the entire Committee 
on Cardiovascular Clinics has been scheduled 
for January 26, 1952 in Chicago. The meeting 
was scheduled in accordance with suggestions 
made by the Committee’s executive group 
which conferred in Atlantic City last June. 

In addition to the members of the Commit- 
tee, the meeting will be attended by delegates 
from Committees on Cardiovascular Clinics of 
affiliated heart associations. The purpose of the 
meeting is to review the role of the local com- 
mittees and the problems of approving various 
types of cardiovascular clinics on a national 
level. 

ABSTRACTS FOR SCIENTIFIC 
SESSIONS 

All those who wish to present reports at the 
Annual Scientific Sessions of the Association in 
Cleveland April 18 and 19 are reminded that 
an abstract in triplicate, not exceeding 300 
words, must be submitted before January 1, 
1952. Abstracts should be sent to the Chairman 
of the Program Committee, Dr. Irvine H. Page, 
Cleveland Clinic, 2020 East 93 Street, Cleve- 
land 6. 

REORGANIZATION OF THE 
SCIENTIFIC COUNCIL 

The special Committee to consider reorgani- 
zation of the Scientific Council has held several 
meetings under the Chairmanship of Dr. Robert 
W. Wilkins of Boston. The Committee will pre- 
sent to the Board of Directors of the Associa- 
tion at a later date its recommendations for 
membership requirements and other revisions 
of the Council’s rules and regulations. 


NEW AFFILIATE 


The Oklahoma Heart Association, with head- 
quarters in Oklahoma City, has been accepted 
for affiliation with the Association. 


ASSEMBLY PLANNING COMMITTEE 


The Assembly Planning Committee consis! : 
of the following members: Dr. William H. Buni:, 
Secretary of the Board, Youngstown, Ohic 
Chairman; Arlie R. Barnes, M.D., Rochester, 
Minn.; $8. DeWitt Clough, North Chicago, III. 
Warren B. Cooksey, M.D., Detroit; Irving B 
Hexter, Cleveland; Frank E. Joseph, Cleve 
land; Louis N. Katz, M.D. (ex-officio) , Chicago; 
Paul V. Ledbetter, M.D., Houston; Frank L. 
Mechem, Seattle; Sherman T. Rock, Pitts- 
burgh; Howard B. Sprague, M.D. (ex-officio), 
Brookline, Mass. 


ASSEMBLY PANEL CHAIRMEN 


The following have been named as Assembly 
Panel Chairmen to lead panel discussions at the 
Annual meeting of the Assembly in Cleveland 
on Thursday, April 17, 1952: Research—E. 
Cowles Andrus, M.D., Baltimore; Community 
Service—J. G. Fred Hiss, M.D., Syracuse, N. 
Y., and Herbert W. Rathe, M.D. (Co-Chair- 
man), Waverly, lowa; Education—Ward Dar- 
ley, M.D., Denver, and Richard James Finne- 
gan (Co-Chairman), Chicago; Fund-Raising— 
A. W. Robertson, Pittsburgh, and Paul O. 
Ferrel (Co-Chairman), Indianapolis; National, 
State, and Local Relationships—Howard B. 


Sprague, M.D., Brookline, Mass.; Membership 


—George R. Jones, Chicago. 


POLICY COMMITTEE 


Dr. H. M. Marvin, New Haven, Conn., is 
Chairman of the Policy Committee of the Amer- 
ican Heart Association. Members include Irving 
B. Hexter, Cleveland; Louis N. Katz, M.D., 
Chicago; Robert L. King, M.D., Seattle; A. W. 
Robertson, Pittsburgh; Homer P. Rush, M.D., 
Portland, Oregon; Robert W. Wilkins, M.D., 
Boston; Irving 8. Wright, M.D., New York; 
and Frank N. Isbey, Detroit. 
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